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Effect of Cortisone on Tissue Mast Cells in the Hamster Cheek Pouch.* 
(20609) 


GEoRGE P. FULTON AND FRANCIS L. MAYNARD. 


From the Departments of Biology, Boston University, Boston, and Boston College, Newton, Mass. 


Tissue mast cells are now of interest because 
of the belief that they may be unicellular 
endocrines which release heparin(1,2), hista- 
mine(3), and hyaluronic acid(4). The dra- 
matic results of the use of cortisone in the 
treatment of rheumatoid arthritis(5) have 
stimulated inquiry into its action on various 
tissue elements including mast cells. Investi- 
- gators have stated that cortisone acts as an 
inhibitory factor on these cells as on other 
cellular components of mesenchymal tissues 
(6). Mast cell tumors in dogs have been 
successfully treated with large doses of corti- 
sone(7), and the neoplastic. mast cells showed 
cytoplasmic vacuolization, conglomeration, 
altered staining reaction of metachromatic 
granules, disappearance of granules, fraying 
and disruption of the cellular membrane, 
granule scattering and finally cellular destruc- 


* Supported in part by a research grant to Boston 
University from the National Heart Institute of the 
National Institutes of Health, Public Health Service. 


tion and disappearance. However, Kelsall 
and Crabb reported that cortisone in the 
hamster did not affect the number of mast 
cells in the sublingual glands(8) or in the 
thymi(9). 

The present report is concerned with the 
effects of cortisone upon the mast cells of the 
cheek pouch of the hamster. 


Method. Cortisone acetate (Merck) was 
injected subcutaneously into 12 adult ham- 
sters (Mesocricetus auratus) in doses of 5 mg 
per day for periods varying from 12 to 23 
days. The cheek pouches were excised under 
nembutal anesthesia (6-10 mg/100 g), and 
whole mount preparations stained with meth- 
ylene blue were made by the method of Zahl 
and Nowak(10). The preparations were ex- 
amined under the microscope at magnifica- 
tions of 150x and 645x. Mast cell counts 
were taken at 150x in 5 different unit areas 
(0.3 sq mm) of each preparation, with the 
aid of a Whipple disc. As a control, the 
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TABLE I. Mast Cell Counts in the Hamster The clotting times after 14 days of treat- 
Cheek Pouch and Se ae during Cortisone ment with cortisone were less than the con- 
— trol value (Table I), consistent with the 
carey Noor ‘Clatang hypercoagulability reported from many clin- 
Days  unitareas mast time, _ ical studies with cortisone. After 21 days of 
treated (1.5mm*) cells/mm* sec. treatment, the clotting time increased, es- 
Normals (avg of 4) —- 807 538 107 pecially in one hamster (over 30 minutes). 
@ortisones 12 302 201 This might indicate a delay between the 
treated 14 139 93 time of disruption of mast cells and the ap- 
a cae oe pearance of a significant increase in circulat- 
14 272 181 60 ing anticoagulants. 
14 312 208 45 Summary. Cortisone acetate injected sub- 
a ae oe He cutaneously into hamsters produced a decrease 
14 443 295 60 in the number of tissue mast cells in the cheek 
a ee 110 120 pouch. The size decreased and the cells were 
21 110 73 30 min : ; ; 
93 116 77 disrupted, with discharge of granules and 
Avg of 12 12-23 293 195 stainable material. The treated hamsters 


numbers of mast cells were counted in the 
cheek pouches of 4 untreated hamsters. Clot- 
ting time determinations were made on 7 
hamsters by means of the Lee-White tech- 
nique. 


Results. A definite decrease occurred in 
tissue mast cells in the cortisone-treated ham- 
sters as compared with the controls (Table I). 
The count in 12 hamsters during treatment 
averaged 293 per 5 discrete unit areas totalling 
1.5 sq mm of the cheek pouch (195/sq mm), 
as compared with 807 (538/sq mm) in 4 
normal hamsters. In the controls the mast 
cells were numerous, large, and both perivas- 
cular and extravascular in distribution. The 
presence of extruded granules indicated pos- 
sible secretion. Cytological observations indi- 
cated the probable formation of mast cells 
from fibroblasts. In the treated hamsters, 
mast cells were fewer (especially remote from 
blood vessels), smaller, often spindle-shaped, 
and frequently adjacent to extracellular gran- 
ules and amorphous stainable material. 
Somewhat similar changes have been described 
in the cheek pouch following x-irradiation 
i027) 


consistently had fewer extravascular cells. 
The clotting. times in the treated hamsters 
were at first somewhat less than in the con- 
trols, but in those surviving 21 days of treat- 
ment, an increase in clotting time occurred. 
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SAUL MALKIEL. 
From the Allergy Research Laboratory, Department of Medicine, Northwestern University 
Medical School, Chicago, Til. 


Relatively little data exists on the immuno- 
chemical behavior of the plant viruses except 
for tobacco mosaic virus(1). Although un- 
related to the latter in biological as well as in 
gross physical characteristics, tomato bushy 
stunt virus is comparable with respect to its 
high molecular weight (8 x 10°). The avail- 
ability of this spherical virus (26 my in 
diameter) in a purified crystalline state 
prompted the following study. 

Methods and results. Bushy stunt virus 
was isolated from diseased tomato plants and 
crystallized according to the technic described 
by Stanley(2). Antiserum was prepared by 
immunizing rabbits with the virus according 
to the usual procedures. The quantitative 
precipitin titration technic of Heidelberger 
and Kendall, as carried out for study of to- 
bacco mosaic virus(1), was followed. The 
results, shown in Table I, are similar to those 


observed for tobacco mosaic virus as well as 
for proteins of lower molecular weight. As 
antigen nitrogen is added in_ increasing 
amounts to a constant volume of antiserum, 
increasing amounts of total nitrogen are pre- 
cipitated. Maximal total nitrogen precipita- 
tion, although not reached in this study, would 
undoubtedly occur in the region of antigen 
excess. Maximal precipitation of antibody 
nitrogen was found to occur within the equiv- 
alence zone. The antibody N /antigen N ratio 
is seen to be curvilinear with respect to added 
antigen N as also has been observed for 
tobacco mosaic virus.. This relationship is 
apparently a function of high molecular 
weight. 


Summary. Crystalline bushy stunt virus 
behaves as a typical protein in its immuno- 
chemical reactions. 


TABLE I. Reaction of Bushy Stunt Virus with Homologous Rabbit Antiserum. 


mg virus—N Totalmg N Antibody N Supernates tested for 
added/ml pptd/ml pptd/ml : a 
antiserum antiserum (by difference) R* Antibody Antigen 
.019 053 .032 1.68 ++ — 
.038 .103 065 ileal ++ — 
.057 .152 095 1.67 ++ = 
.077 205 128 1.66 os — 
-097 .260 163 1.68 ++ — 
100 238 .138 1.38 ++ — 
142 851 .209 1.47 + — 
-190 446 .256 1.35, a — 
379 854 A475 1.25 + — 
.386 824 438 1.13 + -- 
.758 1.540 782 1.03 2 — 
1.138 2.128 990 87 — =. 
1.517 2.568 1.051 69 — _- 
1.896 2.952 1.056 57 — — 
2.275 3.256 981 43 — — 
2.548 3.384 836 33 — — 
2.749 3.696 947 34 — — 
3.839 4.440 .601 16 + 
4.169 4.624 455 lel — + 


* R— antibody N/antigen N. 


* This work was carried out during the tenure as 
Senior Fellow of the American Cancer Society, 
recommended by the Committee on Growth of the 
National Research Council, at The Rockefeller Insti- 
tute for Medical Research, Princeton, N. J., 1946- 
1948. 
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Effect of Androstene Derivatives on Metacorticoid Hypertension. (20611) 


F. M. STuRTEVANT. 


(Introduced by F. J. Saunders.) 


From the Division of Biological Research, G. D. Searle & Co., Chicago. 


Metacorticoid, or post-DCA, hypertension 
is a self-sustaining cardiovascular disease at- 
tained in rats approximately 2 months after 
the implantation of a desoxycorticosterone 
acetate (DCA) pellet and the substitution of 
saline for drinking water(1-4). In many re- 
spects this type of hypertension appears 
similar to essential hypertension in man(1,5), 
and responds to treatment with various drugs 
active in the human disease(6). Metacorti- 
coid hypertension is abolished by hypophysec- 
tomy(2) or nephrectomy(3), but not by 
removal of the adrenals, thyroid, parathyroids, 
gonads, nor by drastic dietary restriction of 
Na or K(1). 

Materials and methods. Each experimental 
group consisted of 4 male Sprague-Dawley 
rats which had received a single 20 mg DCA 
pellet 3 to 6 months previously, and had been 
maintained on 0.86% NaCl solution and 
Rockland Rat Diet ad libitum. The systolic 
blood pressures of treated rats were estimated 
with a photoelectric tensometer(7) immedi- 
ately before and 2, 4, and 5% hours after 
treatment, and were compared to simultaneous 
readings from solvent-injected controls. The 
mean blood pressure of over 400 normal rats 
by the tensometer method has been deter- 
mined as 120 mm Hg, with a standard devia- 
tion of 10. Pressure readings on individual 
rats were made in ignorance of the treatment 
the rat had received and of the previous pres- 
sure reading. Each test was completed by 
one person on the same tensometer in a dark- 
ened room at constant temperature. The rats 
were trained for at least 3 months before 
testing and were deprived of food and saline 
during the course of the experiment. The 
significance of the results was determined by 
use of the one-tailed t-test(8). The follow- 
ing compounds were injected subcutaneously 
in corn oil or propylene glycol in doses of 
20 mg/kg: testosterone, 4-androstene-3,17- 
dione, 1i18-hydroxytestosterone, 118-hydroxy- 
4-androstene-3,17-dione, 11-ketotestosterone, 


and 4-androstene-3,11,17-trione (adrenoster- 
one). These compounds represented the fol- 
lowing derivatives of 4-androsten-3-one: 
11—H. and. 17-—OH, Allee sandati7s=0); 
11—OH and 17—OH, 11—OH and 17=—0, 
11=O and 17—OH, 11=O and 17=—0, re- 
spectively. 

Results. The mean blood pressures for 
each group of rats are listed in Table I. The 
most active steroid was 11-hydroxyandro- 
stenedione; it lowered the mean blood pres- 
sure 33-49 mm Hg over a 5%4-hour period. 
Testosterone and its 11-keto derivative low- 
ered blood pressure 18-22 mm over the same 
interval. Androstenedione and adrenosterone 
had depressor effects of approximately 9-18 
mm, while 11-hydroxytestosterone was in- 
active. 

Discussion. By comparing the structures 
of these compounds with their activities, it 
can be concluded that replacement of the 
11-hydroxyl by a hydrogen or a keto group 
appeared to decrease the depressor activity 
of the 17-ketosteroids and increase the activ- 
ity of the 17-hydroxysteroids. 

In rats receiving DCA, testosterone tem- 
porarily reverses the increase of blood pres- 
sure(9), partially inhibits the increase in 
appetite for NaCl(10), and prevents nephro- 
sclerosis and proteinuria(11), but not cardio- 
renal hypertrophy(12). The “protective” 
effect of testosterone has been ascribed to its 
renotrophic activity (13). 

Adrenosterone, androstenedione, 11-hy- 
droxyandrostenedione, and 11-hydroxytesto- 
sterone have less than 5% the anabolic and 
androgenic effect of testosterone propionate, 
as measured by the increase in the weight of 
the levator ani muscle and seminal vesicles of 
castrated rats(9). Apparently the action of 
these steroids against metacorticoid hyperten- 
sion is not explicable on the basis of their ana- 
bolic or androgenic activities. 

Summary. Six derivatives of 4-androsten- 
3-one were tested for depressor activity in 
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TABLE I. Effect of Androstenes on Hypertension. 


a a ee eS Ld en ate ee ed 
SSee——eeowvow>">=aoaqoooooooeeeeeeeeee om 


-—— Mean group blood pressure, mm Hg——, 
Before 


Test Derivatives of 4-androsten-3-one inj. 2 hr* 4 hr* 51% hr* 
A lig-hydroxy-4-androstene-3,17-dione 187 153t 1404 138+ 
Propylene glycol 187 186 IEEE 187 
B 4-androstene-3,11,17-trione 186 180 169+ 178t 
4-androstene-3,17-dione 184 170t are 178t 
Corn oil 182 188 186 190 
C 11p-hydroxytestosterone 180 172 182 172 
Propylene glycol 181 180 182 178 
D 11-ketotestosterone 183 168 160+ 160+ 
Testosterone 183 161} 162+ 164t 
Corn oil 178 180 182 182 


* Hr after inj. 
+ P<.01 that treat mean — control mean. 
Ht eae) 5 ” be ” ” ” 


metacorticoid hypertensive rats. Replacement 
of the 11-hydroxyl by hydrogen or a keto 
group appeared to decrease the activity of the 
17-ketosteroids and increase the activity of 
the 17-hydroxysteroids. The depressor activ- 
ity could not be related to anabolic or andro- 
genic activity. 

The technical assistance of Catherine Tsou and 
Ardys Magner is gratefully acknowledged. 
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Resistance Strain Gauge Arches for Direct Measurement of Heart 


Contractile Force in Animals.* 


(20612) 


K. J. Bontrace, O. J. BRoprE, AND R. P. WALTON. 
From the Department of Pharmacology, Medical College of South Carolina, Charleston, S. C. 


While industrial uses of resistance wire 
strain gauges are highly diversified, the bio- 
logic application of this device has been lim- 
ited almost entirely to the recording of 


* This study was supported by grants from the 
National Heart Institute, U. S. Public Health Service. 


hydraulic pressures. Actually there are 
numerous biologic changes of force which can 
be measured advantageously by this procedure 
which reacts isometrically and which, with the 
usual instruments, is capable of frequency 
recordings of 100 cycles/sec. In practice, it is 
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only necessary to cement one of the standard 
coils to a metal strip which has elasticity 
characteristics suited to the force changes of 
the particular experiment. Garb(1), for in- 
stance, has used the principle to measure 
contractile force of an isolated papillary 
muscle. Robb(2) connected perfused, beat- 
ing hearts of small mammals to the post of a 
Statham transducer and made similar records. 

The present report describes the technic of 
preparing strain gauge arches which can be 
attached to the ventricles of large animals and 
made to record the force of each systolic con- 
traction acting against the 2 points of attach- 
ment. Because of the unique compactness of 
this device, the chest wall can be closed after 
surgical attachment of the arch and lead wires 
brought through the wall for subsequent re- 
cordings in the post-operative animal. Recent 
experiments have established that the meas- 
urements of this method are representative 
of changes in different areas of both ventricles, 
are not directly influenced by variations in 
heart rate and are only moderately influenced 
by variations in arterial and venous pres- 
sure(3). 

Methods. SR-4 strain gauges type A-7 
were used as pick-up units(4) and their out- 
put was carried to a strain analyzer and am- 
plifier (BL-310) and direct inking oscillo- 
graph (BL-202) of the Brush Electronics Co. 
Two types of arches have been used. In one, 
the strain gauge coil is covered with insulating 
resins and, in the other, the coil is protected 
by a thin metal tube (Fig. 1). Although a 
variety of insulating resins have been tested, 
none were found which did not lose resistance 
rapidly in the animal’s chest. This resistance 
breakdown occurred so much more rapidly in 
body fluids than in saline that saline immer- 
sion was not considered a useful guide. 
Ordinarily, with the resin protected coils, 
resistance between the coil and some free 
point on the arch would be greater than 1000 
megohms. On the first post-operative day 
resistance usually dropped to fractions of a 
megohm, this being determined by connecting 
the meter to one lead of the coil and the other 
to the animal’s mouth. In all cases, with re- 
sistance reduced to fractions of a megohm, 
the animal was grounded. This permitted 
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EXPLODED VIEW 
Lois) 


FIG. 1. Strain gauge arch with coil enclosed in 
brass tubing encasement. Above—photograph about 
twice actual size. Below—diagrammatic, sectional 
and exploded views with one em seale. Parts desig- 
nations as follows: (A) Stuffing box gland. (B) 
Stuffing box packing. (C) Body end integral with 
stuffing boxes. (D) Stop preventing upward move- 
ment of (H). (EH) Tubular body or encasement. 
(F) Movable foot. (G) Set screw. (H) Elastic 
metal strip integral with rigid leg. (I) Foot. 
(J) Flexible metal diaphragm. (K) Strain gauge 
coil. (I) Lead wires. 


satisfactory measurements for a few days and 
in some cases for a few weeks. With the metal 
protected coils, initial resistance would range 
in the area of 1000 megohms and would stabi- 
lize in the area of 25 to 100 megohms when 
tested during the period of use in the animal. 
Before using the strain gauge arches, they 
were customarily tested for sensitivity and 
their threshold of response determined jin 
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grams. Desirably, the threshold of response 
should be less than 10 g. 

It can be noted in Fig. 1 that the arch with 
metal protected coil is additionally equipped 
with provision for adjusting the distance be- 
tween the 2 “feet” or points which are to be 
attached to the ventricle. This permits, even 
in hearts of widely varying size, a standardized 
degree of diastolic tension in the muscle seg- 
ment between the 2 points of attachment. 
This is accomplished by calibrating the arch, 
leaving unaltered all adjustments of the 
analyser and oscillograph and making record- 
ings immediately after the arch is surgically 
attached but before the chest is closed. The 
degree of diastolic tension can then be recog- 
nized and expressed in grams. It has been 
shown previously that the force of systolic 
excursion increases about 5% for each 1% 
increase in initial diastolic length (stretch) 
(5). 

The systolic force commonly recorded at 
the time of surgical attachment of the arches 
was usually in the range of 50 g. This neces- 
sarily decreases in chronic experiments due 
to gradual loosening of the attachments with 
resulting decrease in initial diastolic tension. 
To adjust for this, the sensitivity of the 
oscillograph recordings must be increased. 
In all cases with these closed-chest observa- 
tions, results are expressed in terms of per- 
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sion amplitude is directly proportional to force. 
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centage change rather than in grams force. 
It has been shown in experiments with stimu- 
lant drugs, that the percentage change is not 
greatly influenced by the initial diastolic ten- 
sion in control periods, or, correspondingly, 
by the measured systolic force in control 
periods, so long as these features remained 
within the common ranges(3). 


Preparation of the arch with metal-pro- 
tected coil. The arch with electrical compo- 
nents enclosed in a hermetically sealed metal 
tube was constructed as shown in Fig. 1. The 
tubular encasement or body (E) was made 
of yellow brass, the flexible diaphragm end 
(J) was made of thin silicon-bronze and the 
elastic member (H) with integral rigid leg 
was made of heat-treated beryllium copper. 
The brass button or foot (1) was soldered to 
this leg. The lead wires, specially selected 
to withstand frequent bending, were made 
of 14 strands of 1-mil copper wire covered 
with a vinyl chloride sheath and commercially 
designated as Tensolite W 1748(6). A par- 
ticular feature of this completely insulated 
device is its lack of interference with simul- 
taneous ECG recordings. 

Operative technic. The operations were 
performed under pentobarbital anesthesia 
with positive pressure mechanical respiration 
and with liberal administration of antibiotics. 
The chest was entered anteriorly through the 
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Oscillograph recording of heart contractile force in chronically operated dog. Excur- 


Anesthesia level (above) defined according to 


Guedel. Time (below) indicated in minutes. Ether anesthesia and chloroform anesthesia ad- 
ministered on successive days. Both experiments show increased and irregular force and rate 


during early struggling stage. 


Chloroform depression of contractile force is conspicuously 


greater than that with ether. During recovery from ether (in lighter planes of Stage III and 
in Stage IT) there was a pronounced increase in contractile force considerably above control 


levels. 


This effect was frequently seen during recovery from anesthesia with all agents except 


chloroform and was tentatively ascribed to a sympatho-adrenal discharge. 
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fourth left intercostal space, the heart rotated 
to fully expose the anterior aspect of the right 
ventricle and the pericardium resected over 
this area. The arch was attached to the an- 
terior surface of the right ventricle by cotton 
thread sutures, one set near the A-V sulcus 
and the other near the septum. Two or 3 
sutures were laid at each point, threaded 
through the drilled holes in the feet of the 
arch and tied. Lead wires were brought out 
through the operative wound, the chest closed 
and aspirated. Chief complications in order 
of occurrence were adhesions, tearing out of 
sutures and breaking of lead wires. These 
complications were ordinarily diagnosed read- 
ily from the character of the tracing. The 
diagnosis was facilitated by the administration 
of epinephrine “test doses” of 0.5 to 1.0 y/kg 
intravenously. 

Results. The method has been used to 
measure heart force produced in the intact 
animal by cardiac glycosides(7), by hyper- 
thermic agents(8), and by sympathomimetic 
amines(9). It is peculiarly suited to measure 
changes in heart force during the transitions 
of general(10) and spinal anesthesia(11), 
since it smoothly records the force of each 
contraction during the normal, conscious state 
as well as during anesthesia. Fig. 2 illus- 
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trates changes during induction and recovery 
from anesthesia with ether and, later in the 
same animal, with chloroform. 

Summary. A strain gauge arch has been 
described which measures heart force changes 
in fully conscious, chronically operated dogs. 
Enclosure of the electrical component in a 
metal casing prevents insulation breakdown 
in body fluids. 
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Effect of Anubionohbesage on Mortality from Whole Body X-Irradiation.* 
(20613) 


GorDON E. GUSTAFSON AND SIMON KOLETSKY. 


From the Institute of Pathology, Western Reserve University School of Medicine. 


A large amount of data has accumulated 
on the effect of antibiotics on radiation in- 
jury. Jn general these drugs have been found 
to be slightly or moderately effective in re- 
ducing mortality. Varying amounts of anti- 
biotics have been given at different intervals 
prior to and following radiation. This report 
is concerned with the effect of antibiotic dos- 


* This work performed under contract between 
the U. S. Atomic Energy Commission and Western 
Reserve University. Terramycin furnished by cour- 
tesy of Chas. Pfizer and Co., Brooklyn, N. Y. 


age on the mortality from whole body 
x-irradiation. 

Exp. 1. One hundred white male rats of the 
Wistar strain having a mean weight of 221 g, 
were separated randomly into 5 groups of 20 
each. One untreated group served as a con- 
trol while the 4 remaining groups received 
terramycin hydrochloride daily in amounts of 
0.2 mg, 2.0 mg, 20 mg, or 200 mg, respec- 
tively. The antibiotic was given by stomach 
tube in a 2 cc aqueous solution beginning 
72 hours and ending one to 4 hours prior to 
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TABLE I. Mortality and Survival Time in Control and Treated Animals. 5 groups, 20 rats in 
each group. 
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Dose of - No. of Mean sur- 
terramycin, 30-day % vival time 
HCl/rat/day survivors mortality in days s* S.E.t 
(mg) 
None 5 75 8.7 Bs 9 
2 4, 80 9.8 5.6 1.4 
2 8 60 11.2 3.6 ea 
20 7 65 Way 9.8 2.4 
200 ii 45 18383 4.9 1.6 


* s — Stand. dev. 


x-irradiation, a total of 4 doses. No antibiotic 
was administered after radiation. Each rat 
received 660 r of whole body radiation. The 
housing of the animals and the method of 
administering the terramycin were similar to 
that previously described(1). The animals 
were weighed at intervals, 5 times during a 
2-week period prior to the experimental 
period, and any rat whose weight gain was not 
satisfactory was discarded. The animals were 
observed daily for 30 days following x-irradia- 
tion. The physical factors of x-irradiation 
were as follows: 220 KV; 15 MA; mean target 
distance 32.1 cm; filters of 1 mm Al. and 
1% mm Cu; output in air 124 r/min.; half- 
value layer 1.35 mm Cu. 

Results. Mortality. In the control group 
15 of 20 rats died during the 30-day experi- 
mental period (Table I). In the groups re- 
ceiving 0.2; 2.0; and 200 mg/day of terra- 
mycin the number of deaths was 16, 12, 13, 
and 9, respectively, with mortalities of 80, 60, 
65 and 45%, respectively. The x? value for the 
difference between the 0.2 and 200 mg/day 
groups is 5.01 which is significant statis- 
tically. The x? value for the difference be- 
tween the control and the 200 mg/day terra- 
mycin group is 3.75. This approaches statis- 
tical significance (3.845) at the 5% level. 
The differences in mortality between the 2.0, 
20 and 200 mg/day groups are not sufficient 
to reach statistical significance. However, 
there is a tendency for the mortality to de- 
crease with increasing dosage of terramycin. 
Survival. The mean survival time for the con- 
trol group was 8.7 days and for the groups 
receiving 0.2, 2, 20, and 200 mg/day of ter- 
ramycin hydrochloride it was 9.8, 11.2, 11.7, 
and 13.3 days, respectively. Thus there ap- 


1 S.E. = Stand. error. 


pears to be a progressive increase in survival 
time with increasing dosage of terramycin. 
Morbidity. This was greater in the control 
group from the 4th to the 12th day and in the 
group receiving 200 mg terramycin from the 
12th to the 30th day. In general, in the 
remaining groups the morbidity paralleled the 
mortality. Diarrhea was most marked in the » 
group receiving the largest dose of terramycin. 
With decreasing amounts of terramycin the 
diarrhea was less marked but in none was it 
less than in the control group. 

Exp. 2. Seventy-five white male rats of the 
C. F. Wistar strain with a mean weight of 211 
g were divided randomly into 3 groups of 25 
each. One untreated group served as a con- 
trol while the 2 remaining groups received 
terramycin hydrochloride daily in amount of 
20 and 200 mg per rat respectively. The 
schedule and mode of administration of the 
antibiotic were the same as for Exp. 1. No 
terramycin was administered after radiation. 
Each animal received 660 r of whole body 
radiation. 

Results. Survival time and mortality for 
the 3 groups are given in Table II. In contrast 
to Exp. 1, there was no increase in survival 
time for the 20 mg/day group as compared 
to the control and only a slight increase for 
the 200 mg/day group. The difference in 


TABLE II. Mortality and Survival Time in Con- 
trol and Treated Animals. 3 groups, 25 rats in each, 


Dose of No. of Mean sur- 
terramycin, 30-day % vival time 
HCl/rat/day survivors mortality in days 
(mg) 
0 5 80 12.8 
20 1h 72 10.0 
200 18 28 14.4 
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mortality rate between the control and the 
20 mg/day treated groups was not significant. 
However, the differences between the control 
and the 200 mg/day groups and between the 
20 and 200 mg/day groups were highly sig- 
nificant, i.¢., statistically at the 0.02 and 0.2% 
levels respectively. The highest dosage level 
of terramycin (200 mg/day) appears to have 
been definitely effective in lowering mortality. 
In this experiment diarrhea was only slightly 
more marked in the group receiving the largest 
dose of antibiotic than in the 20 mg/day and 
control groups. 

Discussion. Koletsky and Christie(2) ob- 
tained a 31% reduction in mortality in rats 
given 120 mg/kg/day of streptomycin and 
50,000 units/kg/day of penicillin intra- 
muscularly, beginning as early as 10 days prior 
to and discontinuing 3 weeks after injection 
of lethal doses of P®?. Miller, Hammond, 
Tompkins, and Shorter(3) gave mice strepto- 
mycin subcutaneously from the 4th to the 28th 
day following 450 r whole body x-irradiation. 
Although the mice were not randomly dis- 
tributed to study the effect of dosage, a 
review of their figures indicates that relatively 
large amounts of streptomycin were required 
for beneficial results. Thus 50 to 100 mg/ 
kg/day of the antibiotic were ineffectual 
whereas 150 to 350 mg/kg/day reduced mor- 
tality from 37 to 55% in various groups. 

Additional data pertinent to antibiotic dos- 
age are available in the literature. In mice 
which received approximately 250 to 350 mg/ 
kg/day of streptomycin subcutaneously, usual- 
ly from the 4th to the 28th post-radiation day 
but in some instances from the day of x-radia- 
tion until the 24th post-radiation day, the mor- 
tality differences between control and treated 
groups ranged from 43 to 65%(4,5). The 
use of 40,000 units/kg/day of penicillin in 
conjunction with the streptomycin gave a re- 
duction in mortality of from 30 to 41%, while 
subcutaneously administered chloramphenicol 
(about 100 mg/kg/day) reduced mortality by 
24 and 25% in 2 groups of mice, respectively. 
Sodium salts of terramycin(5) and aureomycin 
(6) have also been effective in mice; when 
given subcutaneously in amounts of 25 and 
50 mg/kg/day, respectively, mortality was 
lowered by 25 and 30%. However, Miller 


et al.(3) have concluded that chloramphenicol, 
aureomycin and terramycin are too irritating 
to be administered daily by subcutaneous 
injections, since necrosis of the skin occurred 
in many of the mice. These drugs were also 
given with the diet but dosage in these in- 
stances is difficult to evaluate. 

Furth, Coulter and Howland(7) gave rats 
approximately 80 to 100 mg/kg/day of aureo- 
mycin or terramycin as part of the diet from 
the time of x-irradiation until the 28th post- 
radiation day. Aureomycin had no apparent 
effect on mortality but terramycin gave about 
an 18% reduction in mortality. A similar pro- 
cedure in dogs which received 100 mg/kg/day 
of antibiotic orally, produced mortality reduc- 
tions of 14 and 42% for aureomycin and 
terramycin, respectively(8,9). Smith, e¢ al. 
(10) gave mice streptomycin sulfate in 
amounts of 75 to 1000 mg/kg/day, subcutane- 
ously or orally, with somewhat variable but 
usually beneficial effect. In these experiments 
other undetermined factors influenced mor- 
tality to sucha degree that evaluation of dos- 
age was unsuccessful. Gustafson and Kolet- 
sky(1) gave rats approximately 1,000 mg/kg/ 
day of terramycin hydrochloride by gavage 
for only 48 hours prior to x-irradiation and 
obtained a 24% reduction in mortality. No 
antibiotic treatment at all was given after 
x-irradiation. 

In all reports in which antibiotics have been 
effective in reducing mortality in the x-irradia- 
tion syndrome the quantity administered has 
been relatively large. Amounts from 3 to 7 
times the human dose on a comparable weight 
basis have been effective as against equivocal 
results for doses equal to or even twice the 
human dose. In this study amounts of ter- 
ramycin approximately 30 times the corres- 
ponding human dosage were beneficial in re- 
ducing mortality. However, smaller doses 
were less effective and an amount comparable 
to the dosage required to stimulate growth in 
chicks and swine was ineffective. In our 
opinion the beneficial action of the terramycin 
was probably related to its antibacterial 
property. It seems likely that in the radiation 
syndrome the impairment of all normal defense 
mechanisms against disease makes it necessary 
to administer large amounts of antibiotic for 
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maximum beneficial effect. In preliminary ex- 
periments a dose of 2000 mg/kg/day of 
terramycin (10 times the highest level used in 
this study) was tried but the preparation was 
so strongly acid that in many instances it 
caused perforation of the stomach and had to 
be abandoned(11). 

Summary. Rats were given varying doses 
of terramycin hydrochloride beginning 72 
hours and ending 1 to 4 hours prior to x-ir- 
radiation. The highest dosage level (200 mg/ 
rat/day) was the most effective in lowering 
mortality. It is probable that larger doses of 
antibiotics are required in the x-irradiation 
syndrome than are required for the treatment 
of other diseases. 
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Jacosp FONG AND ROBERT LOUIE. 
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Cortisone has been shown to suppress in- 
flammation(1) and antibody formation(2), to 
induce lymphocytolysis and dissolution of 
lymphoid tissue(3), to enhance viral multi- 
plication(4), and to increase the severity of 
infections produced by a wide variety of organ- 
isms(5-8). It is evident that a multitude of 
effects may be attributed to the action of 
cortisone. The present paper reports the re- 
sults of studies of the interference phenomenon 
in cortisone-treated hosts. 

Materials and methods. Virus. An egg- 
adapted strain of influenza A (PR8) virus was 
used and prepared by allantoic inoculation of 
11-day embryos with 0.05 ml of a 10° dilution 
of infected allantoic fluid; after incubation of 
eggs at 36°C for 42-48 hours, the fluids were 
collected and concentrated ‘by the method of 
red cell adsorption and elution. A final con- 
centration of 5% chicken red cells was used 
for adsorption of virus; after 45 minutes in 


* This work was aided by a grant from the 
Research Committee of the University of California. 


the cold, the supernatant fluid was removed 
and the agglutinated cells resuspended in a 
small volume of 0.2 M phosphate buffer, pH 
7.4. Elution of virus was carried out in a 37°C 
water bath for 4 hours. The red cells were 
sedimented by brief centrifugation and the 
supernatant fluid used as a source of virus 
after adjustment of the hemagglutinin titer to 
2560. 


Preparation of interfering virus. Virus pre- 
pared in the above manner was exposed to 
5 x 10° M sulfur mustard, [bis (@-chloro- 
ethyl) sulfide], for 3 hours at room tempera- 
ture. The viral suspension was then centri- 
fuged briefly to remove precipitated material 
and the supernatant fluid used as an interfering 
suspension after testing for inactivation of 
virus. The advantages of a sulfur mustard- 
inactivated interfering suspension will be de- 
scribed elsewhere(9). Tests of inactivation of 
virus. 11-day embryos were inoculated allan- 
toically with 0.5 or 0.05 ml of undiluted sus- 
pension, and 0.05 ml of serial 10-fold dilutions 
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TABLE I. Results of Interference Tests in Cortisone-Treated Eggs. 
Pretreatment Interfering Challenge Geom. mean 
of host (ml) virus (AD)* virus (ID5)) Individual HA titers titerst 
.2 water 512 400 10, AOL 20 Oana OU eee <16 
2 256 2 210,-<10 v.10, £10), oO neo <13 
* 128 2 10, 20, 20, 40, 80; 80 32 
.2 cortisone 512 % LO e205 20 ec Oecd ily 
2 256 Z 40, 80, 160, 160, 160, 320 127 
» 128 z 80, 160, 160, 320, 320, 640 226 
.2 cortone vehicle 256 ig 1K) PAD POR PAU 0), 20 
.2 water 0 oa 1280, 1280, 1280, 1280, 1280, 2560 1437 
Time between each inj. = 30 min. (at 36°C). : 
* Refers to No. of agglutinating doses of interfering virus injected into eggs. ; 
+ Individual hemagglutinin titers of less than 10 were arbitrarily taken as 10 in calculation 
of geometric mean titers. 
of virus. Four eggs were used for each dilu- minutes at room temperature by the pattern 
tion. After incubation of embryos for 42-48 method. The final dilution of virus in the last 


hours at 36°C, the individual fluids were tested 
for hemagglutinins by mixing 0.1 ml of fluid 
with 0.25 ml of 1% cells. The test was read 
by the pattern method(10) after 30 minutes 
at room temperature. 

Infectivity titrations of challenge virus. 
Serial 10-fold dilutions of virus were made in 
beef-heart infusion broth and 0.05 ml of dilu- 
tion inoculated allantoically into each of four 
11-day embryos. After the usual incubation, 
the fluids were tested for development of 
hemagglutinins as described above. The ID5o 
was calculated by the method of Reed and 
Muench(11). Interference tests. Groups of 
six 11-day embryos were inoculated allantoi- 
cally with varying amounts of inactivated 
virus; after 30 minutes at 36°C, a challenge 
dose of active homologous virus was given. 
The individual allantoic fluids of live embryos 
(following incubation at 36°C for 42-48 
hours) were collected and titrated for their 
content of hemagglutinins. Chemical treat- 
ment of the host consisted of allantoic injec- 
tions of commercial cortisone acetate (Merck: 
25 mg/cc) given 30 minutes before introduc- 
tion of interfering virus into the host. Con- 
trols were injected in a similar manner with the 
cortone vehicle (0.9% benzyl alcohol, 0.9% 
sodium chloride, 0.4% polyoxyethylene sor- 
bitan monooleate, 0.5% sodium carboxyme- 
thylcellulose, distilled water, q. s. ad 100%). 
Hemagglutinin titration. Serial 2-fold dilu- 
tions of virus were made in saline and 0.5 ml 
of viral dilution was mixed with 0.5 ml of 1% 
chicken red cells. The test was read after 30 


interfering doses of inactivated virus. 


tube showing complete agglutination was taken 
as the end point, and the titer expressed as 
the reciprocal of the dilution of virus in this 
tube. 

Results. Increased yield of virus in corti- 
sone-treated eggs receiving minimal completely 
The 
results of interference tests in untreated and 
cortisone-treated embryos are shown in Table 
I. In the interpretation of results, hemag- 
glutinin titers of 20 or less were accepted as 
complete interference with propagation of 
challenge virus since titers of residual inter- 
fering virus may equal but seldom exceed this 
value. 

It is evident that introduction of 5 mg of 
cortisone into eggs 30 minutes before injection 
of interfering virus resulted in higher yields of 
viral hemagglutinins. Comparison of the mean 
hemagglutinin titers of control and experi- 
mental series given 400 ID; of challenge 
virus 30 minutes after interfering virus re- 
vealed 7- to 10-fold higher titers of virus in 
cortisone-treated eggs. This effect was notice- 
able, however, only when a minimal complete- 
ly interfering dose (256 AD in the experiment 
shown in Table I) or less of inactivated virus 
was employed. Despite prior injections of 
cortisone, an increased yield of virus was not 
demonstrable in eggs receiving 512 agglutinat- 
ing doses of interfering virus. 

Similar findings were obtained in other tests 
using 40,000 IDs5o of challenge virus (results 
not shown); while injections of this amount 
of challenge virus may result in higher mean 
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titers of hemagglutinins in both control and 
experimental eggs, the increase in yield of virus 
in cortisone-treated hosts was approximately 
of the same order of magnitude as that ob- 
served with 400 ID;o of challenge virus. 

The effect produced by injections of corti- 
sone was not ascribable to the action of sub- 
stances present in the cortone vehicle, for prior 
treatment of embryos with 0.2 ml of the latter 
failed to cause any significant increase in final 
yield of viral hemagglutinins. 

In other interference tests in which 11-day 
embryos were given 2.5, 5 and 7.5 mg of corti- 
sone 30 minutes before interfering virus, it was 
found that all 3 concentrations of cortisone 
were equally effective in promoting an in- 
creased yield of viral hemagglutinins (results 
not shown) in the presence of a minimal com- 
pletely interfering dose of inactivated virus. 
This was attested by the more or less identical 
yields of viral hemagglutinins in all three 
groups of cortisone-treated eggs. 

Discussion and summary. ‘The results re- 
ported herein have shown that prior injections 
of cortisone in embryonated eggs subsequently 
given minimal completely interfering doses of 
inactivated virus followed by challenge virus 
resulted in yields of viral hemagglutinins which 
were 7- to 10-fold greater than that found in 
untreated eggs. All 3 concentrations of corti- 
sone (2.5, 5 and 7.5 mg) utilized in these ex- 
periments appeared to be equally effective in 
this respect. 

An enhanced growth of influenza viruses in 
cortisone-treated eggs has been described 
previously(4), and the viral concentration of 
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pooled allantoic fluids from cortisone-treated 
eggs was shown to be 123 to 155% of the viral 
concentration of control eggs (for influenza A 
virus). In the interference experiments re- 
ported in this paper, the yield of virus in corti- 
sone-treated eggs was 700 to 1000% of the 
yield in untreated embryos. In view of this 
discrepancy in the increased yields of virus in 
the two reports, it would appear that enhance- 
ment of reproduction of challenge virus in 
residual free cells not blocked by interfering 
virus was not the sole determining factor in 
the increased yield of virus reported in this 
paper. 


1. Dougherty, T. F., and Schneebeli, G. L., Proc. 
Soc. Exp. BroL. AND Mep., 1950, v75, 854. 

2. Germuth, F. G., and Ottinger, B., zbzd., 1950, 
v74, 815. 

3. Dougherty, T. F., White, A., and Chase, J. H., 
ibid., 1944, v56, 28. 

4. Kilbourne, E. D., and Horsfall, F. L., Jr., ibid, 
1951, v76, 116. 

5. Schmidt, L. H., and Squires, W. L., J. Exp. Med., 
1951, v94, 501: 

6. Kligman, A. M., Baldridge, G. D., Rebell, G., 
and Pillsbury, D. M., J. Lab. and Clin. Med., 1951, 
v37, 615. 

7. Mogabgab, W. J., 
1952, v39, 271. 

8. Schwartzman, G., Proc. Soc. Exp. Biol. AND 
Me_p., 1950, v75, 835. 

9. Fong, J., J. Immunol., in press. 

10. Salk, J. E., abid., 1944, v49, 87. 

11. Reed, L. J., and Muench, H., Am. J. Hyg., 
1938, v27, 493. 


and Thomas, L., zbid., 


Received July 1, 1953. P.S.E.B.M., 1953, v84. 


(20615) 


(Introduced by Walter L. Hard.) 


‘From the Department of Anatomy, School of Medicine, University of South Dakota, Vermillion, S. D. 


The unfavorable effect of protein deficiency 
on body economy has been frequently de- 
scribed. Whether or not there is a specificity 


* This investigation was supported by a grant 
from the National Institutes of Health. 
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of tissue response to protein inadequacy, or 
more particularly to specific amino acid de- 
ficiency, is not well established. A previous 
report of phenylalanine deficiency(1) de- 
scribed alteration of the anterior pituitary, 
gonads, accessory sex glands, bone and adrenal 
glands. Investigations of threonine reported 
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FIG. 1. Ant. pituitary of a control rat stained by Gomori method. Gomori. positive cells 


Te 


HIG. 2. Same section and field shown in Fig. 1 restained by periodic acid-Schiff (PAS) 


method. All basophils are PAS positive. Visual subtraction of Gomori 
cells indicates the gonadotropic basophils. 100. 
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FIG. 3. Ant. pituitary of a threonine-deficient rat stained by Gomori method. Gomori posi- 


tive cells are conspicuous. 100. 


FIG. 4. Same section and field shown in Fig. 3 restained by the PAS method. Only those 
cells which were Gomori positive in Fig. 3 are PAS positive in this photomicrograph demon- 


strating the absence of gonadotropic basophils. 


in the literature deal principally with the re- 
quirement of this amino acid and not with 
histological effects of its deficiency. Nasset, 
Anderson and Siliciano(2), in a study of nitro- 
gen balance in adult rats fed a low threonine 
diet, reported that death, in many instances, 
resulted from edema of the esophagus. Bauer 
and Berg(3) described ascites and generalized 
edema in growing mice maintained on a threo- 
nine deficient diet. 

Materials and methods. Sprague-Dawley 
male rats, averaging 100 g weight, were di- 
vided into 3 groups. One group of 5 received 
a complete “synthetic” diet containing 19 
amino acids as described by Rose, Oesterling 
and Womack(4). Another group of 12 re- 
ceived the same diet except that this diet was 
completely lacking in threonine. These diets 
were fed ad libitum. A third group of 9, re- 
ferred to as “starved control”, were fed a 
limited amount of the control diet on alter- 
nate days. All rats were weighed 3 times 
weekly. After 45 days the rats were sacri- 
ficed by exsanguination under ether anesthesia. 
Two of the deficient and one of the “starved 
control” rats, however, were not sacrificed at 
this time but were placed on a complete re- 
covery diet for 45 days and then sacrificed. 
The tissues removed for histological examina- 
tion, except the pituitaries, were fixed in 
Bouin’s fluid and stained with hematoxylin and 
eosin. The pituitaries were fixed in Zenker- 
formol and stained by methods described be- 
low. For demonstration of the eosinophilic 
cells of the anterior pituitary, sections were 
stained with acid fuchsin. Other sections were 
stained by methods described by Purves and 
Griesbach(5,6) to identify and differentiate 
thyrotropic and gonadotropic basophils of the 
anterior pituitary. In using these procedures 
it was necessary first to treat the sections by a 
method originated by Gomori(7) and de- 
veloped by Halmi(8) and to photograph these 
sections. The same sections were then re- 
stained by the periodic acid-Schiff (PAS) re- 
action, which stained all basophils, and the 


100. 


identical fields rephotographed. In this man- 
ner records of two different technics could be 
obtained for the same section and field. By 
comparing the two photographs it was possible 
to visually subtract the Gomori positive cells 
from the PAS positive cells and thus identify 
the presence or absence of both thyrotropic 
and gonadotropic basophils (Fig. 1, 2, 3, 4). 

Observations. Loss in body weight, an un-, 
kempt appearance and other general deficiency 
symptoms developed in those rats deprived of 
threonine. The average loss in body weight 
was 41(+9) g for each of the threonine de- 
ficient rats and 11(+6) g for each of the 
“starved control’ rats. Each control rat 
gained an average of 131(+11) g. The de- 
ficient rats which had been placed on the re- 
covery diet gained weight rapidly and, at the 
termination of the recovery period, weighed 
as much as the average control rat. 

At autopsy the adrenals, testes and pitui- 
taries were weighed and, although these organs 
in the deficient rats weighed considerably less 
than normal, the weights were variable and 
appeared to have no correlation with the loss 
in body weight. Ascites was present in only 
one rat but the testes of all deficient rats were 
soft and flabby to the touch. In general, all 
organs, when examined grossly, were smaller 
than normal. Those tissues in which histologi- 
cal change was observed are reported below. 
In all other tissues examined histologically, 
alterations, if they occurred, were not of an 
order which could be detected by the methods 
employed. 

The testes of the threonine-deficient rats 
were extremely atrophic with no evidence of 
active spermatogenesis (Fig. 8). Some rest- 
ing spermatogonia were in evidence, but the 
tubules were composed principally of Sertoli 
cells resting on the basement membrane. Single 
nucleated and multinucleated degenerating 
cells were commonly observed in the lumen. 
The testicular interstitial tissue cells were 
smaller and flatter than normal with little 
cytoplasm. The epididymides, seminal vesi- 
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FIG. 5. Ant, pituitary of a control rat stained with acid fuchsin, Eosinophils are prominent. 
« 470. 


FIG. 6. Ant. pituitary of a threonine-deficient rat stained with acid fuchsin. Hosinophils 
are fewer, smaller and fainter. 470. 
FIG. 7. Testes of a control rat. 100. 
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FIG. 8. Testes of a threonine-deficient rat. 100. 

FIG. 9. Ventral prostate of a control rat. 100. 

FIG. 10. Ventral prostate of a threonine-deficient rat. 100. 
FIG. 11. Epiphyseal plate of tibia of a control rat. 100. 
FIG. 12. Epiphyseal plate of a threonine-deficient rat. 100. 


cles and ventral prostates were in an extremely 
atrophic condition. The epididymal epi- 
thelium was considerably lower than normal 
and the cells crowded. Free cells, sloughed 
from the seminiferous tubules, had moved into 
the lumen of the epididymis. The seminal 
vesicles and prostates were in a state similar 
to that observed in these organs following 
castration. The prostatic acini were much 
smaller than normal and the acinar cells ex- 
tremely regressed (Fig. 10). The negative 
image of the Golgi apparatus, which could 
plainly be observed in the normal prostate 
(Fig. 9) and is considered a criterion of the 
prostatic secretory activity, could not be ob- 
served in the deficient prostatic epithelium. 
Coincident with acinar regression, there oc- 
curred an increase in prostatic interstitial tis- 
sue. The testes of the “starved control” rats 
were smaller than normal with reduction in the 
size of the seminiferous tubules and partial 
interruption of spermatogenesis. The Leydig 
cells were morphologically normal. That the 
capacity of the testicular interstitial tissue to 
secrete its hormone was reduced was made evi- 
dent by the histological appearance of the 
ventral prostate. This organ appeared to be 
partially stimulated, since its acini were large 
and composed of both tall secretory and flat 
non-secretory cells. 

The thyroid glands of the threonine-deficient 
rats were reduced in size but the height of the 
follicular cells did not appreciably differ from 
the normal. The follicles were variable in 
size ranging from large peripheral colloid filled 
follicles to small centrally located follicles, 
with and without colloid. The thyroids of the 
“starved control” rats were indistinguishable 
from the normal in size and histology. 

The thymus gland was very prominent in 
the control rats but not identifiable grossly in 
the thteonine-deficient rats. Partial thymic 
involution occurred in the “starved control” 
rats but the cortical and medullary areas re- 
mained histologically intact. No extensive in- 
crease in the connective tissue of this organ 
was observed. 


The anterior lobe of the hypophysis was the 
only portion of this gland histologically 
affected by the lack of threonine. The eosino- 
philic cells were conspicuously reduced in 
number, size and staining capacity (Fig. 6). 
These cells had only a thin ring of lightly 
staining cytoplasm.. The thyrotropic baso- 
phils, demonstrated as being Gomori positive, 
were present in numbers and morphologically 
unaltered (Fig. 3). Other basophils, which in 
the normal rat are PAS positive (Fig. 2), 
were not demonstrable in the deficient rats 
after use of the PAS method (Fig. 4). The 
anterior pituitary chromophilic cells of the 
“starved control” rats compared favorably 
with those of the control rats in size and dis- 
tribution. 

Bone growth was considerably reduced in 
the threonine-deficient rats. The tibial epi- 
physeal cartilage plate was thinner than nor- 
mal. No bony trabeculae were present in the 
diaphysis (Fig. 12). The bone shaft was also 
thinner and its circumference less than normal. 

The rats placed on the recovery diet made 
uneventful complete recoveries from the de- 
ficiency. Histological examination of their 
tissues revealed that they were normal in all 
respects. 

Discussion. Comparison of the effects of 
partial inanition (‘‘starved control”) with 
those of threonine deficiency demonstrated 
that tissue regression was more pronounced in 
rats fed the threonine-deficient diet. Siper- 
stein(9) described testicular damage result- 
ing from chronic and acute inanition. Maun, 
Cahill and Davis(10,11), Adamstone and 
Spector (12) and Schwartz, Scott and Ferguson 
(1) reported similar damage following specific 
amino acid deficiencies. Jackson(13) and 
Mulinos and Pomerantz(14) described thymic 


involution in studies of chronic and complete 


inanition. Dougherty and White(15) and 
Frank, Kumagai and Dougherty(16) reported 
that adrenal cortical hormones diminish lym- 
phatic tissue by destruction of lymphocytes. 
It is our opinion that the testicular damage 
and thymic involution of the threonine-de- 
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ficient rats resulted from the lack of this amino 
acid superimposed upon the effects of partial 
inanition. Since the adrenals gave no evidence 
of being hypersecretory, it was unlikely that 
thymic degeneration resulted from stimulation 
of the adrenal glands. 

The assumption that a primary effect of the 
lack of dietary threonine was expressed upon 
the anterior pituitary appears to be justified 
in the present study. Purves and Griesbach 
(5) reported that all basophils of the anterior 
pituitary react in a positive manner to the 
PAS reaction. These authors later described 
(6) the identification of thyrotropic cells by 
use of the Gomori method. By employment of 
the methods they described, it was evident that 
a total lack of threonine, while depressing the 
gonadotropic basophils, had no effect upon the 
thyrotropic cells. Comparison of Fig. 1 and 
2 demonstrates the presence of the thyrotropic 
and gonadotropic cells in the normal pituitary. 
‘Comparison of Fig. 3 and 4 reveals that in the 
threonine-deficient rat gonadotropic basophils 
were not in evidence but the thyrotropic cells 
were intact. The lack of gonadotropic hor- 
mone resulting from this diminution of gonado- 
tropic cells resulted in atrophy of the testicular 
tubules and interstitial tissue. The nonfunc- 
tional state of the Leydig cells was reflected 
by the atrophy of the accessory sex glands. 
Further interference with the pituitary gland 
was evidenced by alteration of the eosinophilic 
cells. The defective appearance of the tibial 
shaft and epiphyseal plate are an expression of 
the impediment of somatic growth. 

Since no serious alteration in the chromo- 
philic cells of the anterior pituitary was ob- 
served in the “starved control” rats, it is 
reasonable to assume that the lack of threo- 
nine resulted in the pituitary changes described 
above. 

The adrenals of the threonine-deficient rats 
were small but no change in the regions of the 
cortex and medulla was apparent. Since the 
pituitary eosinophils were reduced consider- 
ably in size and number and since the PAS 
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positive gonadotropic basophils were com- 
pletely lacking, is it possible that the adrenal 
cortical stimulating hormone has its source in 
those cells referred to as thyrotropic cells? 


Despite the marked changes brought about 
by the complete lack of threonine, all rats 
placed on the recovery diet made complete 
recoveries. Thus, any deterioration resulting 
from threonine deficiency is reversible. 


Summary. Young male rats fed a “syn- 
thetic” diet, complete in every respect except 
for the total lack of threonine, showed marked 
loss in weight, interruption of somatic growth, 
atrophy of the testes and accessory structures 
and alterations in the chromophilic cells of the 
anterior pituitary. The deficiency effects were 
reversed by adding the missing amino acid to 
the diet. 


1. Schwartz, C., Scott, E. B., and Ferguson, R. L., 
Anat. Rec., 1951, v110, 313. — 

2. Nasset, E. S., Anderson, J. T., and Siliciano, 
A. M., J. Nutrition, 1951, v45, 173. 

3. Bauer, C.-D., and Berg, C. P., ibid., 1943, v26, 
Sie 

4. Rose, W. C., Oesterling, M. J., and Womack, 
M., J. Biol. Chem., 1948, v176, 753. 

5. Purves, H. D., and Griesbach, W. E., Endocri- 
nology, 1951, v49, 244. 

6. , ibid., 1951, v49, 652. 

7. Gomori, G., Am. J. Clin. Path., 1950, v20, 665. 

8. Halmi, N. S., Endocrinology, 1950, v47, 289. 

9. Siperstein, D. M., Anat. Rec., 1920-21, v20, 355. 

10. Maun, M. E., Cahill, W. M., and Davis, 
R. M., Arch. Path., 1945a, v39, 294. 

Te , tbid., 1945b, v40, 173. 

12. Adamstone, F. B., and Spector, H., zbid., 1950, 
v40, 173. 

13. Jackson, C. M., The Effects of Inanition and 
Malnutrition Upon Growth and Structure, P. Blak- 
iston’s Sons and Co., Philadelphia, 1925. 

14. Mulinos, M. G., and Pomerantz, L., J. Nutri- 
tion, 1940, v19, 493. 

15. Dougherty, T. F., and White, A.. Proc. Soc. 
Exp. Biot. AND Mep., 1943, v52, 132. 

16. Frank, J. A.. Kumagai, L. F., and Dougherty, 
T. F., Endocrinology, 1953, v53, 656. 


Received July 3, 1953. PS.E.B.M., 1953, v84. 


Phosphocreatine Content of Mammalian Cardiac Muscle.* 


2Uhi 


(20616) 


GEORGE FAWAZ AND E tis S. Hawa. 


From the Department of Pharmacology, School of Medicine, American University of Beirut, 
Beirut, Lebanon. ; 


The values reported in the literature for 
phosphocreatine in mammalian cardiac muscle 
vary widely. For the intact rat heart the 
published figures, expressed in terms of phos- 
phocreatine-P, vary from 5.7 to 12 mg % 
(1-4). For the intact guinea pig heart and 
cat heart, the figures are 5.2 and 6.0 mg %, 
respectively(5,6). For the intact dog heart, 
the figures vary from 4.2 to 9.0 mg %(6-8). 
For the isolated dog heart (heart-lung prep- 
aration) the published values range from 6.2 
to 21.5 mg %, depending on the experimental 
conditions(8-10). Wollenberger(8) and Pol- 
lack et al.(9) state that the phosphocreatine 
content of the heart in the intact animal is 
considerably below that of the normal heart- 
lung preparation. Mommaerts(11)_ states, 
without citing references, that cardiac muscle 
may contain one-tenth as much phosphocrea- 
tine as striated muscle, and he gives the value 
2 x 10° mole per g for cardiac muscle, viz. 
6.2 mg % phosphocreatine-P. 

In connection with our studies on the effect 
of drugs on the metabolism and performance 
of the isolated dog heart (heart-lung prepara- 
tion), we found it necessary to redetermine 
the “resting” values of phosphocreatine in 
mammalian heart muscle. At the same time 
we have made determinations of the corres- 
ponding values for the labile “nucleotide” 
phosphorus. 

Methods. FPentobarbital anesthesia was 
used in all animals including those designated 
for heart-lung preparations. Artificial res- 
piration was applied before opening the chest. 
Heart-lung preparations were performed by 
the conventional procedure except that the 
blood donors were anesthetized with chloro- 
form. A sample of heart muscle was cut from 
the left ventricle and quickly immersed in 
liquid air or in a mixture of CO.-snow and 
ether (temp. —60°C). When liquid air was 


* This study has been supported by a grant from 
the American Heart Assn. 


used the frozen tissue was ground into a fine 
powder in a mortar chilled by adding suc- 
cessive portions of liquid air to make sure 
that the tissue did not thaw. The powdered 
material was then transferred to a previously 
weighed Erlenmeyer flask containing 5% tri- 
chloracetic acid using a spoon and a wide- 
necked funnel that had been dipped in liquid 
air. The flask was shaken to mix the contents 
and then reweighed. The volume of 5% tri- 
chloracetic acid employed was adjusted to 
give a dilution of 1:10, reckoning the water 
content of the tissue as 80%. Not more than 
10 minutes was allowed to elapse between the 
fixing of the powder with acid and the time 
when the protein-free filtrate was neutralized. 
During this period of time all operations were 
carried out at a temperature which did not 
exceed 2°C. Inorganic phosphate and phos- 
phocreatine were determined by the method 
of Fiske and Subbarow(12) and the labile 
“nucleotide” phosphorus was calculated by 
subtracting the sum of the phosphocreatine 
and inorganic phosphorus from the value for 
the total inorganic phosphorus obtained after 
hydrolysis for 10 minutes in 1 N HCl at 
100°C. In a subsequent publication we are 
discussing the extent to which labile ‘“nucleo- 
tide” phosphorus represents adenosine tri- 
phosphate. Equally satisfactory results were 
obtained by the use of the more available 
CO>s-snow. After the tissue was fixed in a 
COs-snow-ether mixture it was dried with 
filter’paper and weighed quickly in a closed 
weighing bottle. It was then ground in a 
mortar with sufficient COs-snow to prevent 
thawing. Towards the end of the grinding, a 
small amount of coarsely ground glass was 
added to ensure fine pulverization. The pow- 
der was then transferred quantitatively into 
an Erlenmeyer flask containing the calculated 
amount of cold 5% trichloracetic acid. 
Results. It can be seen from Table I that 
the phosphocreatine values for intact dog 
hearts obtained with the CO.-snow procedure 
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TABLE I. High-Energy Phosphate Content of Intact Mammalian Hearts. Heart tissue re- 
moved under pentobarbital anesthesia with artificial respiration. All values are expressed as 
mg phosphorus per 100 g fresh tissue. 


Labile 
No. of Method of Phosphocreatine-P, Inorganic-P, ‘“nucleotide’’-P, 

Species animals freezing mean + 8.EH. mean + §.E. mean + S.H. 
Dog 19 CO,-snow 1322) == 88 19.64+ .68 Boll ae off 

#¢ 18 Liquid air HG) ae ey 20.14 .72 39.5. 298 
Cat 6 x 15.04 + 1.45 18.13 + 1.34 34.3 + .62 
Rabbit 5 2 14.23 + 1.66 19.32 + 1.17 BS ie tl ny 
Rat 6 * 90 = 0 23.6 + .33 2919 = 5.97, 


TABLE II. High-Energy Phosphate Values on Same Sample of Frozen Dog Ventricle Obtained 
by Two Methods: One involves grinding the frozen tissue with liquid air or CO,-snow prior to 

treatment with trichloracetic acid, the other omits the grinding with liquid air or CO,-snow. _ 
——————— 


Labile 
No. of Phosphocreatine-P, Inorganic-P, ‘nucleotide’ ?-P, 
Method animals mean + S.E. mean + S.E. mean + S.E. 
Intact hearts 
Liquid air 11 18.14 + 1.3 19.62 + .97 37.37 + .68 
Trichloracetic acid Ae 10.26+ .89 27.88 + .79 38.6 + .65 
Failing isolated hearts 
Liquid air 25.23 + 2.13 16.0 + .11 37.81 + .82 
Trichloracetic acid ee 15.56 + 1.78 25.68 + 1.21 38.0 + 14 


are not significantly lower, as might possibly 
be expected, when compared with those ob- 
tained by using liquid air. It will also be 
noted that these values are higher than those 
reported by previous authors, being over 3 
times as high as those of Cruickshank e¢ al. 
(6) and twice as high as those of Pollack e¢ al. 
(7) and of Wollenberger(8). Although the 
procedures used by these 2 latter authors in- 
cluded artificial respiration and also ensured 
quick freezing of the heart tissue, Pollack 
et al. put the frozen tissue through a meat 
grinder before extracting with acid, and Wol- 
lenberger ground the frozen tissue in ice-cold 
acid. It is quite possible that in both pro- 
cedures the tissues were permitted to thaw 
before the trichloracetic acid had had time to 
diffuse thoroughly through the tissue and stop 
the enzymatic hydrolysis of the labile phos- 
phocreatine. To test this type of procedure 
we carried out the experiment indicated in 
Table II. In this experiment a piece of frozen 
tissue was broken in two, one was powdered 
with liquid air or COs-snow as described above 
and the other was ground in ice-cold trichlor- 
acetic acid. The average phosphocreatine 
value of the 11 intact hearts was 18.1 mg %, 
as determined by our standard technic as com- 


pared with the value 10.3 mg % obtained 
when the frozen tissue was ground directly 
with ice-cold trichloracetic acid (Table II). 
Equally sharp differences were obtained with 
failing hearts: 25.2 mg % as compared with 
15.6 mg %. It is thus clear that in dealing 
with labile compounds like phosphocreatine, 
the tissues should be powdered in the frozen 
state before extraction with acid. 

Table III shows that the phosphocreatine 
content of the non-failing isolated dog heart 
is not higher than that of the normal heart in 
the intact animal. The lower results obtained 
by Pollack e¢ al.(7) and Wollenberger(8) for 
the normal intact hearts as compared with 
the values they obtained for the isolated 
hearts cannot be explained by suggesting that 
the phosphocreatine in the intact heart is en- 
zymatically more labile than in the isolated 
heart. It is seen from Table II that the phos- 
phocreatine value of the failing isolated heart 
obtained by using their procedure (15.6 mg 
%) is significantly lower (Table II) than 
those obtained by using the standard proce- 
dure (25.2 mg %). It is possible, however, that 
in Wollenberger’s experiments, the isolated 
hearts may have undergone some degree of 
failure because of the longer period of 82 
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TABLE III. High-Energy Phosphate Content of Normal and Failing Isolated Dog Hearts (Heart-Lung 


Preparations). 


Values are expressed as mg phosphorus per 100 g fresh tissue. 


Time of Systemic output 
survival Heart rate in ml/min. Serum glu- Phospho- Labile 
inmin, Initial Final Initial Final  cose,mg % creatine Inorganie-P {‘nucleotide’’-P 
Normal hearts 

30 192 192 744 708 20 14.6 20.1 35.5 

% 168 164 684 624 74 21.6 18.3 35.1 

v 144 140 792 888 41 18.2 13 33.2 

ne 156 140 804 708 66 20.9 131 38.8 

- 176 164 552 552 27 20.5 20.4 30.1 

Bg 144 144 780 732 223 24.5 w3e7 33.2 

ie 156 120 720 792 50 1327 19.3 31.8 

Mean + S8.E. 19.15 +1.47 16.86 + 1.29 33.9 + 1.07 
Failing hearts (pentobarbital) 

75 156 128 456 300 — 20.4 21.4 = 

53 180 124 912 180 44 20.5 15.9 30.2 

65 220 148 708 276 15 30.9 12.2 38.8 

40 120 128 660 324 67 23.6 15.5 38.4 

52 120 124 720 216 60 27.4 16.3 37.4 

50 164 128 828 240 106 23.0 16.9 38.5 

30 140 116 792 84 111 29.8 17.2 36.9 

80 160 124 528 228 70 16.7 17.8 36.9 

26 140 104 — 10 — 24.3 11.9 37.0 

Mean + 8.E. 23.5 + 1.58 KS) a= 9 37.8 + 1.05 


minutes which elapsed in his experiments 
after the heart was isolated. An indication 
of this is given by the fact that the average 
systemic output in his experiments was 413 
ml, whereas in ours it was 711 ml, although 
the temperature of the blood, the venous in- 
flow level, and the artificial resistance were 
not significantly different in both sets of ex- 
periments. However, the resistance of the 
venous inflow tube may have been different: 
in our case the tube was 8 cm long with an 
inner diameter of 0.6 cm. 

Table III also shows that in barbiturate- 
induced failure the phosphocreatine content 
of the heart-lung preparation is higher than 
that of the intact heart. This finding is in 
harmony with that of Wollenberger, although 
the difference is not as striking as in his re- 
sults. This constitutes further evidence that 
in barbiturate failure which is known to re- 
spond to digitalis, there is probably an inter- 
ference with energy utilization rather than 
with energy production(13). It should be 
mentioned, however, that Greiner(14), using 
a different preparation, obtained results which 
indicate that the oxygenated, severely hypo- 
dynamic papillary muscle of the cat is charac- 
terized by a decrease in adenosine triphosphate 
content, and that digitalis treatment not only 


corrects the muscle failure but also restores 
the adenosine triphosphate level to normal. 


Summary. 1. “Resting” values for the 
phosphocreatine content of the ventricles of 
several mammalian species are reported and 
an explanation is offered for some of the low 
values recorded in the literature. The neces- 
sary precautions are noted if maximal values 
are to be obtained. 2. The isolated dog heart 
(heart-lung preparation) does not contain 
more phosphocreatine or adenosine triphos- 
phate than the intact heart provided that 
heart failure has not set in. If, on the other 
hand, failure is induced by barbiturates the 
level of phosphocreatine increases without a 
change in the labile “nucleotide” phosphorus. 
This constitutes further evidence that this 
kind of heart failure is not due to the lack 
of production of high-energy phosphate bonds. 
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In previous reports, Wyman, Fulton, and 
Shulman have described the circulatory 
changes in the transillumined cheek pouch of 
the hamster, (Mesocricetus auratus) after 
adrenalectomy and during treatment of the 
normal animal with cortisone(1). Vasocon- 
striction occurred consistently during corti- 
sone administration. Furthermore, occasional 
vasomotion, frequent vasoconstriction, brady- 
cardia, and slow blood flow occurred prior to 
death from adrenalectomy. Zweifach and 
Chambers, however, described a loss of vascu- 
lar tone and absence of vasomotion in the 
mesoappendix of the adrenalectomized rat(2). 
In view of the evidence that hyperpotassemia 
may stimulate smooth muscle(3,4), a possible 
explanation for the discrepancy might be sig- 
nificant differences in serum potassium levels 
in the 2 species after adrenalectomy. Snyder 
and Wyman(5) reported a rise in the serum 


* This investigation was supported in part by a 
research grant from the National Heart Institute 
of the National Institutes of Health, Public Health 
Service. 
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potassium of over 100% in the adrenalec- 
tomized hamster as compared with reported 
elevations of less than 50% in the adrenal- 
ectomized rat. In order to test the possible 
relationship between vasoconstriction, cardiac 
changes, and serum electrolyte levels, sodium 
and potassium determinations were made and 
electrocardiograms taken for each day follow- 
ing adrenalectomy and every other day during 
cortisone administration. 


Materials and methods. Twenty-four male 
hamsters, 80 to 100 g in weight, were adrenal- 
ectomized using a dorsolateral approach in a 
single operation. Purina Laboratory Chow 
and tap water were given ad libitum and the 
hamsters received the usual postoperative care. 
The 24 hamsters were divided into 3 groups of 
8 animals each, and on every third day an 
electrocardiogram was taken and blood was 
drawn by heart puncture for electrolyte de- 
terminations on each group so as to provide 
data for each postoperative day for their 
period of survival. Three groups of 8 intact 
hamsters were similarly used for cortisone 
studies except the electrocardiograms and 
heart punctures were made every other day 
throughout the entire period. Each animal 
was given a daily injection of 5 mg cortisone 
acetate (Cortone, Merck)+. Electrocardio- 
grams were obtained by means of hypodermic 
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TABLE I. Adrenalectomized Hamsters; ECG, Serum Na and K. 


Daysafter No. used 


adrenal- and mEq/liter Millivolts —————_, 
ectomy surviving Na K T waye P wave 

=e 24 145 (137-153)t 5.97 (5 - 8 ) 33 (.31-.36) 20 (.18—.22) 

il 24 137.6 (185-141) toll COs tie 1) 20 (.16-.24) 12 (.11-.13) 

2 29 187.2 (184-141) 10.1 (6.5-12.5) 25 (.19-.31) 15 (.12-.18) 

3 16 121.5 ( 95-140) 970 (7 .7-11.2 ) 16 (.00-.20) 09 (.05-.10) 

4 11 —— 9.2 (7.7-11.8 ) 19 (.16~.21) 09 (.07—.11) 

: : 132.7 (123-139) 10.1 (7.8-15-+-) 23 (.19-.27) 10 (.07—.18) 


* Three day preadrenalectomy values for 24 hamsters in the group. After adrenalectomy, 
ECGs and heart punctures were made on 8 hamsters every third day. 
+ In this and in Table II the figure is the avg; figures in parentheses are the range. 


electrodes, a preamplifier (Grass Instrument 
Co.), and a cathode ray oscilloscope, and were 
recorded on linograph paper in a kymograph 
camera (Grass Instrument Co.). Unipolar 
precordial leads VC-5 and VL were employed. 
Anesthesia was 10 mg per 100 g body weight 
sodium pentobarbital (Nembutal, Abbott). 
Serum for the sodium and potassium determi- 
nations was obtained from centrifuged blood 
taken directly from the heart with hypodermic 
syringes. The blood serum samples were pre- 
pared as follows: 0.1 ml of the serum was 
pipetted into a 25 ml volumetric flask contain- 
ing lithium chloride solution, 5000 p.p.m. 
(0.75 ml for K, 4 ml for Na), and diluted to 
25 ml with distilled water. Electrolytic de- 
terminations were made on a flame photometer 
(Barclay) and are reported in mEq/liter. A 
control group of 5 hamsters was used to de- 
termine the effect on the electrocardiogram of 
5 successive heart punctures at 3-day intervals. 
Serum sodium and potassium were also de- 
termined for this group. 

Results. After 5 successive heart punctures, 
the electrocardiogram showed no significant 
alterations in the control series. The average 
electrolyte levels on each successive heart 
puncture were found to be about 145 mEq/ 
liter for sodium and 7 mEq/liter for potassium. 
These values did not vary significantly on each 
successive heart puncture and are similar to 
those reported by Snyder and Wyman(5). 
The slight differences in absolute values may 
be attributed to the manner in which the blood 
was obtained. 

Adrenalectomized hamsters gradually lost 
weight and lived for an average of 5 days. 
The changes in the electrocardiogram and the 


serum electrolytes are shown in Table I and 
Fig. 1 and 2 A, B, C. The most significant 
electrocardiographic changes were a lowering 
of the P and T waves accompanied by brady- 
cardia and, in some cases, a prolonged QT 
interval. The serum electrolyte levels ex- 
hibited a rise in potassium and a fall in sodium. 
It was noted that as the serum potassium rose, 
the T wave became shallower. In some cases 
where the potassium level exceeded 15 mEq/ 
liter, a complete reversal of the T wave was 
observed (Fig. 1). 

Cortisone-treated animals also lost weight 
but lived an average of 16 days. During the 
entire study the electrocardiogram showed no 
significant changes related to the electrolyte 
levels (Table IJ; Fig. 2D, E, F). This was 
true even in the stages of treatment where 
there was marked vasoconstriction in the 
hamster cheek pouch (10 to 12 days). The 
two high values for the T and P wave voltages 
on the twelfth and sixteenth days were cor- 
related chronologically with the appearance 
and persistence of the vasoconstriction. The 
values were normal, however, on the interven- 
ing fourteenth day. Serum electrolyte levels 
remained essentially normal, although the po- 
tassium values were on the low side of the 
normal range during the treatment. 

Discussion. The electrocardiographic 
changes reported in this paper are comparable 
with those reported for severe adrenal insuffi- 
ciency in dogs(6). It is well established that 
the sodium and potassium concentrations 
across a cell membrane are of great import- 
ance in the maintenance of cellular activity. 
Moreover, potassium is implicated in the main- 
tenance of the resting potential and an eleva- 
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FIG. 1. ECG changes showing reversal of the T wave after adrenalectomy using lead VC-5 (A 
and B) and VL (Cand D). A and C—before adrenalectomy (Na 140 mEq/l; K 6.6 mHq/1). 
B and D—three days after adrenalectomy (Na 95 mEq/l; K 15+ mHq/1). 
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FIG. 2. ECG records (Lead VC-5) showing the effect of adrenalectomy (A, B, C) and cortisone- 

treatment (D, H, F) on normal hamsters. A, Before adrenalectomy (Na 155 mEq/1; K 5 mEq/ 

1; heart rate 375/min. ; T wave .33 mv; P wave .17 mv; QT 98 msec.). B. Two days after 

adrenalectomy (Na 141 mEq/l; K 10.5 mEq/1; heart rate 384/min.; T wave .24 my; P wave .14 

mv; QT 100 msec.). C. Five days after adrenalectomy (Na 123 mEq/1; K 12 mEq/1; heart 

rato SBS T wave .2 mv; P wave .08 mv; QT 105 msec.). D. Before cortisone treatment. 
E and EK. Afters and 16 days of cortisone treatment; no significant changes. 
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TABLE II. Cortisone-Treated Hamsters; ECG, Serum Na and K. 


No. used 
Days of and ~—————— _mBq/liter = = Millivolts ————_, 
treatment surviving Na T wave P wave 
ao 24 142 (130-150) 6 (4.2 -7.9) 33 (.31-.35) 12 (.11-.13) 
3 23 150.2 (147-153 ) 5 (4.9 —5.3) 28 (.27-.30) 16 (.12+.20) 
4 22 149 (141-151) 6.3 (4.7 -8.8) 
6 20 145.6 (137-152) 4.85 (4.25-5.5) -28 (.20-.36)  .12 (.05=.21) 
8 9) 138.7 (122-152) 5.8 (4.1 —8.8) B81 (.22-.40) 21 (.14-.28) 
10 15 146.2 (142-150) 5.8 (5 -8.8) 32 (.27-.387) —.18 (.17-.19) 
12 14 146.7 (145-150) 4.27 (8.8 —4.6) 50 (.45-.52) .22 (.16-.28) 
14. 8 134.5 (127-142) Be XG. & ) 20 (.16—.37) 17 (. 11-22) 
i 6 139 (128-151) 6 (4.2 7.7) 45 (87-5 ) 22 (.14-.28) 
0 


* Three day pretreatment values for 24 hamsters in the group. During treatment, ECGs 
and heart punctures were made on 8 hamsters every other day. 


tion of this ion or of lithium in the extra- 
cellular environment results in a depolariza- 
tion of the cell(7,8). 


Since vasoconstriction resulting from corti- 
sone administration was not accompanied by 
significant alterations in either electrolyte 
levels or electrocardiograms, hyperpotassemia 
is not implicated as the cause. Our negative 
findings in the hamster differ from those of 
Overman who reported an increased plasma 
potassium in cortisone-treated dogs(9). After 
adrenalectomy, we found significant electro- 
lyte and corresponding electrocardiographic 
changes in the absence of vasoconstriction. 
However, this does not obviate the possible 
role of hyperpotassemia during the terminal 
phase of adrenalectomy when compensatory 
vasoconstriction may be present. Important 
in this respect is the report by Katz and 
Lindner(3) that increased potassium concen- 
trations in the dog produce sustained coronary 
constriction almost to the point of complete 
occlusion. However, it has been reported that 
a decrease in the plasma pH, bicarbonate ion, 
and sodium concentration will produce electro- 
cardiographic alterations similar to those found 
during increased potassium concentrations 
(10). 

Summary. Adrenalectomized hamsters ex- 
hibit an increase in the concentration of serum 
potassium and a decrease in serum sodium. 


These alterations in electrolyte levels are ac- 
companied by changes in the electrocardio- 
gram. The most significant modifications are 
bradycardia, a depressed T wave which in 
severe hyperpotassemia may be completely re- 
versed, and an increased QT interval. Vaso- 
constriction in the cheek pouch does not neces- 
sarily accompany the hyperpotassemia of 
adrenal insufficiency. Moreover, cortisone- 
treated hamsters exhibited definite vasocon- 
striction, although there were no significant 
changes in the serum electrolyte levels or 
electrocardiograms. 
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Angiotonin Induction of Vascular Lesions in Desoxycorticosterone-Treated 
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Injection of renin in rats pretreated with 
desoxycorticosterone acetate (DCA)(1,2), 
cortisone(3), or hydrocortisone(4) elicits an 
eclampsia-like state associated with acute 
vascular lesions. Similar lesions are also 
elicited by administration of renin to bilater- 
ally nephrectomized dogs maintained on 
saline(5). 
evidence that the renal pressor system was 
integrally concerned in eliciting these lesions. 
The renin preparations used were relatively 
impure, and furthermore, orienting experi- 
ments with small amounts of very crude 
angiotonin then at our disposal were unsuc- 
cessful in provoking the eclampsia-like syn- 
drome and vascular lesions in rats pretreated 
with DCA(1). 

The present brief report shows that angio- 
tonin can elicit fluid retention and acute vas- 
cular lesions in rats pretreated with DCA and 
NaCl which resemble those precipitated by 
renin; from this we conclude that the meta- 
bolic and morphologic changes induced by 
renin in sensitized animals can justifiably be 
ascribed to the action of renin as such. 

Methods. Female rats of about 150 g body 
weight were uninephrectomized; 2 35-mg pel- 
lets of DCA were implants subcutaneously and 
1% NaCl was given as drinking fluid. On 
the 20th day, they were divided into 3 groups. 
The schedules of treatments follow: Group I 
(7 rats) received hourly intraperitoneal injec- 


TABLE I. Functional and Morphological Hffeets of Angiotonin and Renin in DCA-Treated Rats. 


However, there was no conclusive. 


tions of angiotonin over the course of 12 
hours; Group II (6 rats) received 3 sub- 
cutaneous injections of 0.5 cc of a renin prep- 
aration over 24 hours; Group III (5 rats) 
was given 0.9% NaCl intraperitoneally, 
hourly, for 12 hours. The total volume ad- 
ministered (4.8 cc) corresponded to that of 
the angiotonin solution given Group I. The 
animals were placed in metabolism cages im- 
mediately after the first injections. The func- 
tions observed were fluid intake and urine out- 
put, proteinuria (Shevky-Stafford method), 
and rectal temperature. The animals were 
sacrificed at the end of 24 hours, autopsied 
and tissues selected for histologic examina- 
tion; the fixative was Zenker’s, and the stains 
used were hematoxylin-eosin-methylene blue 
(H and E), periodic acid-fuchsin (PAS), and 
phosphotungstic acid hematoxylin (PTH). 
The renin preparation contained 15 mg pro- 
tein per ml and its pressor activity was 1.9 
Goldblatt dog units per mg. The angiotonin 
preparation had a pressor activity of about 
70 dog units per ml; it was some 30 times 
more potent than the material used in the 
preliminary experiments previously described 
(1); estimates by ultraviolet spectroscopy in- 
dicated that it was about 10% as pure as 
Edman’s best samples(6). Both the renin and 


angiotonin preparations were furnished by 


Dr. Arda A. Green. 
Results. The data are summarized in 


Body wt 
changes Fluidintake Urinary -— Vascular lesions 
Group and ingafter minus fluid protein, Rectal Incidence Hemorrhages, 
treatment 12hr 24hr output,ce mg/24 hr temp. (%) Severity* incidence (%) 
I Angiotonin +35 +33 33 151 96 57 1.2 85 
II Renin +38 +52 72 185 87 100 2.6 100 
III —5 +7 24 32 96 20 2 0 


us Graded from 0 to Wie 


* This investigation was supported by a grant 
from the National Heart Institutes, National Insti- 


tutes of Health, Bethesda, Md. 
t Post-doctorate Fellow, Public Health Service. 
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FIG. 1. Tissues of rats treated with DCA and angiotonin. (A) myocardium showing dilatation 

of small vessels and perivascular hyaline deposits which infiltrate between degenerating muscle 

fibers (400, PAS); (B) stomach wall, showing edema, extravasation of erythrocytes and 

formation of hyaline deposit around a small vessel, portions of which seem dilated and necrotic 

(X200, PAS); (C) duodenal submucosa showing dilatation of hyalinized arterioles with stasis 

and edema (120, PAS); (D) pancreatic arteriole with dilatation, perivascular exudate and 
intramural fibrinoid deposits (400, PTH). 


Table I. Animals of both Groups I and II given renin. The prostration caused by the 
demonstrated weight gain, large excesses of crude angiotonin formerly used was entirely 
fluid intake over output, and proteinuria; absent in animals treated with the purer 


rectal temperature decreased in the animals preparation. 
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The visceral hemorrhages characteristic of 
the gross appearance of the DCA-renin disease 
were found at autopsy in 6 of the 7 rats of the 
angiotonin group and in all the rats given 
renin. Two of the angiotonin-treated rats 
had convulsions; cerebral hemorrhages, to 
which these might be attributed, were not 
demonstrated at autopsy. 

In the angiotonin group, 5 animals showed 
only subcutaneous edema; the other 2 showed 
also anasarca with fluid accumulations in 
serous cavities. Among the animals given 
renin, one failed to show edema, while the 
remaining 5 were in frank anasarca. Neither 
hemorrhages nor edema were demonstrable in 
the controls (Group III). 

The severe renal vascular lesions previously 
described in DCA-renin disease were not 
demonstrable in animals of either Groups I 
and II. However, both groups did show 
hyalinization of large arterioles and necrosis 
of the wall of small arterioles with the 
smudged perivascular appearance of a PAS- 
positive ‘“transudate”. The myocardial and 
intestinal small arterioles showed the dilata- 
tion, fibrinoid necrosis, perivascular deposits 
and the associated necrosis of myocardial and 
smooth muscle tissues previously described. 
The relative severity of these changes was 
graded from one to 4+ and averaged for pur- 
poses of summary in Table I. Only minor 
glomerular, tubular and vascular lesions were 
found in animals of the control group. 

Discussion. The data show that angiotonin 
can duplicate the essential phenomena of 
DCA-renin disease when a preparation of 
reasonable purity is administered in large 
doses at frequent intervals to rats pretreated 
with DCA and salt. The DCA-renin disease 
is widely variable in its severity between in- 
dividuals; thus, none of the rats in this series 
developed its most severe and rapidly lethal 
form with anuria and thrombosis or necrosis 
of glomerular capillaries. This defect is per- 
haps fortunate for this demonstration, since 
the lesions caused by angiotonin and renin 
were more recognizably similar. 

We would have preferred to elicit the con- 
dition in its severe form by administration of 
angiotonin. Unfortunately, there is no way 
of equating dosages of renin and angiotonin 


and it is very difficult to administer angiotonin 
in such a way as to simulate all the effects of 
the angiotonin liberated after subcutaneous 
injection of renin. The pressor effect could be 
reproduced by intravenous infusion of angio- 
tonin; for this, the animal would require re- 
straint and possibly anesthesia, both of which 
would interfere with the gratification of the 
thirst elicited by renin and the excess intake 
of saline which is one of the characteristics of 
the syndrome. 

These experiments add to the similarities 
which have been shown to exist between the 
properties of renin and angiotonin; these in- 
clude their pressor effects and their effects on 
fluid balance and proteinuria(7) and on elec- 
trolyte excretion(8). From the aspect of 
pathogenesis of the DCA-renin syndrome, 
salt intake and steroid treatment condition 
the production of vascular lesions by renin; 
this suggests that the lesions are somehow re- 
lated to the effects of angiotonin on electrolyte 
distribution;. the smudged perivascular de- 
posits around small vessels seen in the DCA- 
renin and DCA-angiotonin treated rats seem 
to reflect an increased vascular permeability 
which is presumably the same as that which 
underlies the proteinuria induced by renal 
pressor agents. 


Summary. 1. Hourly intraperitoneal ad- 
ministration of angiotonin to rats pretreated 
with DCA and salt elicited edema, convul- 
sions, a positive fluid balance and increased 
fluid intake, together with proteinuria, visceral 
hemorrhages and acute necrotizing lesions in 
small arteries and arterioles. 2. The same 
series of changes occurred in similarly pre- 
treated rats given renin subcutaneously. 3. 
We conclude that the vascular lesions elicited 
by renin in sensitized animals are very likely 
due to the action of renin as such, effected by 
liberation of angiotonin and are not, as hith- 
erto seemed possible, attributable to vasculo- 
toxic factors in renin preparations or to an 
action of renin independent of formation of 
angiotonin. 


The desoxycorticosterone acetate was kindly fur- 
nished by Dr. R. Gaunt, Ciba Pharmaceutical Prod- 
ucts, Inc., Summit, N. J. 
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The method developed by Casals, Olitsky, 
and Anslow(1) for obtaining high-titer com- 
plement-fixation antigen from infected suck- 
ling mouse brain has demonstrated the ad- 
vantages of fewer anti-complementary and 
anti-mouse brain reactions in the serological 
study of certain neurotropic viruses. The 
method of antigen production, using a benzene 
extraction, has been adapted in this laboratory 
for the serological screening of human and 
vertebrate animal blood collected in Egypt 
and the Sudan (Taylor(2)) for immunity to 
West Nile and Ntaya viruses (Smithburn e¢ al. 
(3); Smithburn and Haddow(4)). 


The procedure, however, requires the tedi- 
ous, time-consuming, and exposed harvesting 
of infectious mouse-brain material by labora- 
tory personnel in order to obtain a sufficient 
quantity of material for extraction. These dis- 
advantages have been partially overcome by 
a closed-vacuum, infant mouse-brain harvester 
developed in this laboratory. 

Apparatus. The apparatus consists of a 
bluntly beveled 15-gauge needle attached by 
rubber tubing to a specimen vial and vacuum 
system. The needle is inserted into one end 
of a 6-inch section of catheter tubing; the 
other end of the tubing is attached to a right- 
angle glass tube that passes through one hole 
of a 2-hole rubber stopper placed in a speci- 


* U. S. Naval Medical Research Institute, Bethesda, 
Md. 


men vial. The other hole of the stopper is 
connected to a vacuum system with an inter- 
vening trap flask containing chlorine solution. 
The needle and the rubber attachments are 
sterilized separately, and are connected with 
the specimen vial and vacuum system imme- 
diately before use. To assure instantaneous: 
chilling and freezing of the brain material, the 
specimen vial is immersed in a bath of alcohol 
and COs ice. 

Technic. The mice whose brains are to be 
harvested are placed under deep ether or 
chloroform anesthesia and, if desired, ex- 
sanguinated. The head is cleansed with alco- 
hol and the needle passed through the occiput 
of the skull. The vacuum, which is controlled 
by pressing the catheter tubing over the end 
of the needle attached to the tubing, is then 
applied by releasing the pressure, and the 
brain matter is sucked through the needle and 
tubing and deposited in the specimen vial. 
The aspiration of the brain is evidenced by the 
collapse of the skull. The vacuum is then 
closed until the next brain is harvested. A 
hundred mouse brains can be harvested com- 
pletely in less than an hour by this method. 
Not only does it serve quickly and efficiently 
to collect all brain material, but it prevents 
open exposure of virulent material to persons 
harvesting highly infectious virus. The above 
technic has been used successfully in this 
laboratory to harvest brain material from in- 
fant mice up to 12 days of age. 
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Summary. A safe, time-saving, closed- 
vacuum harvesting technic is described. The 
advantages and safeguards of this technic are 
enumerated. 
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There is currently an active interest in the 
determination of the polysaccharide content of 
plasma and other biological fluids as related 
to different diseases. The tryptophan reaction 
proposed by Shetlar, Foster, and Everett(1) 
has, for clinicians, certain advantages over the 
orcinol reaction of Sorensen and Haugard(2). 
The stock tryptophan solution can be kept for 
several days on ice; the production of the 
color at 100°C does not call for the greater 
care required in the orcinol reaction which 
must be run at 80°C; and the color produced 
is less affected by impurities in the reagents. 
As described, the tryptophan reaction has the 
serious failing of giving colored products whose 
absorption spectra differ widely with different 
sugars. For instance, glucose gives a yellow- 
ish-brown color while mannose gives a pure 
violet. It will be shown that when the re- 
action is carried out in the presence of boric 
acid this failing is diminished. The best re- 
sults are obtained with the highest possible 
concentration of boric acid. 

Reagents. 1) Absolute ethanol. 2) Boro- 
sulfuric acid, containing sulfuric acid (770 
ml), water (230 ml) and boric acid (50 g). 
For comparison, a sulfuric acid solution is 


* This work was supported by research grant 
from the National Institute of Arthritis and Metabo- 
lic Diseases, of the National Institutes of Health, 
Public Health Service, and by the Masonic Foun- 
dation for Medical Research and Human Welfare. 

+ Aided by a Fulbright Smith-Mundt Fellowship. 


prepared omitting the boric acid. 3) Trypto- 
phan (1 g) dissolved in boiling water (100 ml). 
The L-form is preferable to the DL-form be- 
cause it is more soluble and solutions kept. on 
ice do not crystallize. 4) Standard mannose 
solution (50 to 150 »g/ml). This can be kept 
on ice for several weeks in the presence of a 
few drops of toluene. 

Procedure. The reaction is best carried out 
in carefully cleaned matched tubes that are 
to be used in the photometer. Serum (.05 ml) 
is introduced, and then absolute alcohol (about 
10 ml). After 15 minutes the tube is centri- 
fuged at 2500 rpm for 10 minutes, the alcohol 
is decanted, water (1 ml) is added and the 
precipitate is dispersed. From a_burette, 
boro-sulfuric acid solution (7 ml) is added and 
the contents of the tube are immediately mixed 
and chilled in ice water for 5 minutes. After 
leaving the tube at room temperature for 15 
minutes, the tryptophan solution (1 ml) is 
added. The contents of the tube must be 
mixed immediately. Because of the high 
density of the sulfuric acid solution this is best 
done by bubbling air through it. The tube 
is again chilled in ice water. At the same time 
a series of 6 or 8 tubes is similarly prepared 
containing different amounts of the standard 
mannose solution, each made up to 1 ml before 
addition of the boro-sulfuric acid. All the 
tubes are heated in a boiling water bath for 
20 minutes, and the contents again mixed once 
or twice during this time. The tubes are then 
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TABLE I. Comparison of Wave Lengths of Maximum Absorption and Optical Densities, at 
These Wave Lengths, Produced by Different Sugars in the Sulfuric Acid and the Boro-sulfurie 
Tryptophan Reactions. 


Wave length (my) of 
max. absorption 


Optical density/100 wg 
sugar at max. 


a hae ae Ia TK a =\ 
Boro- Boro- 
Sulfuric sulfuric Sulfuric sulfuric 
Sugar acid acid acid acid 
Glucuronie acid 480 540 .258 3893 
Glucose 440 525 504 703 
Arabinose 480 520 .526 .680 
Galactose 480 520 .478 586 
Mannose 500 520 .586 .700 
Fucose 500 520 588 .646 


chilled for 5 minutes in a cold water bath and 
left at room temperature for a half hour. 
Optical density is measured at 520 mp or with 
a green filter. Some brands of sulfuric acid 
gave a marked yellow color when heated with 
the tryptophan solution. Only sulfuric acid 
that gives no more than a faint yellow tint 
should be used. The tryptophan solution, 
stored on ice, should not be kept for more than 
10 days. If the tube contents are not mixed 
immediately after the addition of the trypto- 
phan, a false yellow color develops in the zone 
where tryptophan and boro-sulfuric acid meet. 
In all work described, the optical density is 
corrected by subtraction of the optical density 
of an identically made solution containing no 
sugar. An advantage of the boro-sulfuric acid 
over the sulfuric acid reagent lies in the fact 
that this correction is smaller. In a 1 cm cell 
this correction is .192 at 425 mp, .092 at 475 
myp, and .052 at 525 mu. 

Results. Six sugars were examined by the 
method described. In all cases the color pro- 
duced. in boro-sulfuric acid is a pure violet 
compared to the more variable brown to violet 
colors produced in sulfuric acid. For each 
sugar the plot of corrected optical density 
against the amount of sugar used is linear up 
to 150 »g. This is true in the absence as well 
as in the presence of boric acid. The data are 
not presented in detail but the slope of each 
of these lines is given in Table I as well as the 
wave length at which maximum optical density 
occurs. The spectra of the colors produced by 
each of the sugars in the absence and presence 
of boric acid are shown in Fig. 1. In this 
reaction glucosamine and galactosamine pro- 


duce no color at all. 

Since the main purpose of this work was to 
provide a reliable and quick assay method for 
the polysaccharides in plasma it became neces- 
sary to ascertain whether the presence of boric 
acid would interfere with the hydrolysis of 
these polysaccharides or the rate of color de- 
velopment. That boric acid does not interfere 
with either process is shown in the curves of 
ign2: 

The thought of Sheppard and Everett(3) 
underlying the development of the reaction of 
sugars with tryptophan seems to have been 
that the color was due to the formation of 
black humin from furfural and tryptophan. 
This idea was tested by observing the color 
developed with furfural and tryptophan in the 
absence and in the presence of boric acid. 
For this purpose furfural was freshly distilled 
and a solution made containing 100 pg per ml. 
Its behavior was the same in the absence or 
presence of boric acid; a bright yellow cglor 
is produced instantly in the cold on the ad- 
dition of tryptophan, and this is converted 
after 20 minutes of heating at 100°C to a 
reddish-brown color. No trace of violet color 
is produced as occurs with all the sugars tried. 
It must be concluded that the violet color is 
not a result of furfural formation frem any of 
the sugars. This was true even of glucuronic 
acid which does yield furfural on heating with 
sulfuric acid. If glucuronic acid is first heated 
with either the sulfuric or boro-sulfuric solu- 
tion used in the test and then cooled, addition 
of tryptophan produces the same yellow color 
as with furfural and only a brown color de- 
velops on heating at 100°C. Experiments 
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FIG. 1. Comparison of spectra of colored products resulting from tryptophan reaction in sul- 
furie acid solution and in boro-sulfuric acid solution. 


were also carried out using a 1% solution of 
indole in 50% ethanol instead of the trypto- 
phan solution. Only brown colors were pro- 
duced which in a few cases were intensified by 
the presence of boric acid. 

It has also been found that if the colors are 
deyeloped by allowing the reaction mixtures 
to stand for 24 hours at 37°C instead of heat- 
ing for 20 minutes at 100°C, then all the 
sugars develop violet colors with maxima at 
520 to 540 mp even in the absence of boric 
acid. Under these conditions the presence of 
boric acid also produces a higher color density. 

Discussion. The advantages of this new 
tryptophan method are that there is an in- 
crease in optical density for each sugar, that 
the maximum optical density occurs at longer 
wave lengths where the blank correction is 
smaller, that the wave lengths of optical 
density are more nearly the same for different 
sugars, and that there is a small decrease in 
the difference in color density produced by 


different sugars. 

The striking effect of boric acid on the color 
produced by the reaction of tryptophan with 
sugars might be associated with the ability of 
boric acid to form complexes with sugars and 
to protect them from side reactions with the 
sulfuric acid. But in acid medium boric acid 
seems not to form complexes with sugars ac- 
cording to work of Rumbach and Weber(4), 
Boeseken(5), and Levy and Doisy(6). In 
alkaline solution Levy and Doisy(7) found 
that glucose was protected against oxidation 
by alkaline hypoiodite to a greater extent than 
arabinose and galactose. This is the same 
as the order found in the present work for the 
extent of the effect of boric acid on the color 
produced in the tryptophan reaction. 

Because of the absence of evidence for a 
reaction between boric acid and sugar in the 
acid medium, another thought was considered 
to account for the improvement in color it 
produced. Boric acid reacts with sulfuric acid 
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FIG. 2. Comparison of rate of color development in a serum sample and in a standard mannose 

solution when the tryptophan reaction is run in sulfuric acid solution and in boro-sulfurie acid 

solution. Protein from .05 ml normal serum was precipitated with ethanol (10 ml) and the 

tryptophan reaction was carried out on this precipitate. For comparison, the reaction was also 

carried out on 45 yg of mannose which yields the same final optical density. The color develops 

slightly more slowly in the serum due to progressive liberation of sugars, but this is not influ- 
enced by boric acid. 


to produce borylsulfates. This raised the 
question whether borylphosphates or boryl- 
acetates might not also bring about such an 
improvement. Trial of a variety of mixtures 
of phosphoric or acetic acids with sulfuric acid 
and with or without boric acid, however, 
yielded no improvement in color. 


Summary. A method to measure the con- 
centration of sugars in solution, particularly 
of polysaccharides in biological fluids such as 
plasma, is presented. It is a modification of 
a tryptophan method already described and 
utilizes boric acid in the reaction medium. 
The color intensity is increased and the color 
quality modified to give maximum absorption 
at a longer wave length where interference by 


non-specific brown produced by reagent blanks 
and proteins is diminished. 
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Relationship of Pyridoxine and its Derivatives to the Mechanism of Action 


of Isoniazid.* 


IRENE U. Boone AND Kent T. Woopwarp.t 


(20621) 


(Introduced by R. Gordon Gould.) 


From the Los Alamos Scientific Laboratory of the University of California, Los Alamos, N. M. 


In most instances of metabolic antagonism 
the essential metabolite and the inhibitory 
agent have been similar in chemical structure. 
The structural appearance of isoniazid lead to 
the speculation that its mode of action might 
represent interference with the utilization of 
nicotinamide or some other essential metabo- 
lite of similar structure. This report deals 
with the screening of certain vitamins, some of 
which are structurally similar to isoniazid, for 
possible isoniazid reversal. 

Materials and methods. The method chosen 
to study the mode of action of isoniazid was 
similar to that of McIlwain(1), and Lampen 
and Jones(2). Various organisms with known 
nutritional requirements were inhibited with 
the drug and reversal of the inhibition was 
initially attempted with nicotinic acid, nicotin- 
amide, pyridoxine, thiamine, riboflavin, panto- 
thenic acid, and p-aminobenzoic acid. Studies 
were later limited to pyridoxine and its de- 
rivatives when the initial results showed that 
only these compounds gave a competitive re- 
versal of inhibition. The final steps were to 
study the effects on various species of Myco- 
bacterium. No attempt was made to study 
any organism in any medium when a concen- 
tration of greater than 10° M of the isoniazid 
was required for inhibition. The organisms 
employed in this study were obtained from 
the American Type Culture Collection, Wash- 
ington, D.C., unless otherwise stated. Syn- 
thetic media were used whenever possible to 
control the amount of essential metabolites 
present. Some comparisons were made be- 
tween synthetic and nonsynthetic media and 
Table I lists the organisms, media, references, 
and the method of measuring and detecting 
growth. Lactobacillus plantarum (arabinosus) 
17-5 was chosen because of its wide external 


* Work done under the auspices of the AEC. 

+ Sandia Base with station at Los Alamos. 

t Kindly supplied as Nydrazid by Squibb and Co., 
and as Rimifon by Hoffmann-LaRoche, Inc. 


nutritional requirements which included those 
of major interest, nicotinic acid and pyri- 
doxine. It also discriminates between pyri- 
doxine and its derivatives, pyridoxal and 
pyridoxamine, the latter 2 being more active 
than pyridoxine as growth promoters. In all 
experiments using Lactobacillus changes in 
growth were observed grossly over 72 hours 
and the medium titrated for acid production 
at that time. Streptococcus pyogenes was 
used only because of its external pyridoxine 
requirement. Saccharomyces carlsbergensis 
was chosen because of its use in assay of vit. 
Bs and its uniform response to Beg and its 
derivatives. Final turbidity readings for de- 
termination of growth were made after 18 
hours incubation at 30°C. The effect of 
isoniazid inhibition was studied in relation to 
the growth of 2 Escherichia coli strains which 
do not require added Bg, one mutant strain of 
which requires nicotinic acid or its amide. 
The final turbidity readings were made after 
18 hours incubation at 37°C. The £. coli 
strains are similar to the Mycobacterium 
which also have no external requirement for 
pyridoxine or its derivatives. Both are known 
to synthesize vit. Bg. Mycobacterium butyri- 
cum grows rapidly in a synthetic media and 
has been used for the assay of isoniazid(6). 
Cultures were observed for growth at the end 
of 24 and 48 hours and the end of one week. 
The BCG and H37Rv strains were incubated 
for at least 3 weeks before final growth and 
turbidity observations were made. 


Results. Using the standard technic of 
microbiological assay with Lactobacillus plan- 
tarum and its synthetic medium containing 
all the maximum growth requirements, it was 
possible to inhibit the organism with isoniazid. 
Inhibition began with isoniazid concentrations 
of 4.8 x 10° and was complete at 102 M. 
Table II gives the concentrations of the iso- 
niazid in the medium with the acid titration 
values produced after 72 hours growth. 
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TABLE I. List of Microorganisms, Media, and Method of Measuring Growth. 
_—:™segke"FFF——_———_—_—_—————————————— EE SSS Oe 


Microorganism 


Growth medium 


- Method of measuring 
growth response 


Lactobacillus plantarwm (ar- 
abinosus) 17-5 ATCC No. 
8014 

Streptococcus pyogenes ATCC 
No. 10389 

Escherichia colit 


Escherichia colt strain 303- 
138 nicotinic acid mutant 


Modified Snell and Wright syn- 
thetic (3) 


Meat infusion broth 
Nutrient and tryptone broths 


Synthetic medium of MacLeod 
plus nicotinie acid (4) 


Titration of acid produced* 


Gross growth observations 


Turbidity t 


” 


ATCC No. 9723+ 


Saccharomyces carlsbergensis 
ATCC No. 9080 


Mycobactertum tuberculosis 
var. bovis BCG$ 


Idem., var. hominis H37Rv 
ATCC No. 9360 


Mycobacterium butyricum 


ATCC No. 362 isoniazid (6) 


Synthetic medium as used in 
vit. B, assay (3) 


Modified Kirchner’s 
(5) and Dubos medium 


Dubos medium 


Synthetic as used in assay of 


synthetic Gross growth observations 


and turbidity 
Idem. 


Gross growth observations pel- 
licle type 


* All titrations were done with 0.1 N NaOH. 


t Isolated in this laboratory. 


t Turbidity readings on Coleman Model 14 Universal Spectrophotometer. 
§ BCG strain obtained from Chicago Research Laboratories. 


TABLE II. Concentrations of Isoniazid Used to 
Obtain Inhibition of Lactobacillus plantarum. 


Cone. of ml of 0.1N 

isoniazid, M NaOH/10 ml* 
0 1.8 
0 12-134 

Ce. Dealt: 12.5 

3:65 < 10s 5.0—6.5 

SUL 0s? 3.0-3.8 

COR MO 2.5-3.3 

Neo Seales 1.2-2.8 

* Avg range of titration results at 72 hr, all de- 


terminations. 

+ Control in which basal medium was deficient in 
nicotinic acid. 

¢ Gontrol, complete medium with all essential 
growth requirements present. 


Table III is a summary of the results ob- 
tained when reversal of the isoniazid inhibition 
in Lactobacillus was attempted with some of 
the more common metabolites. The only 
substance tested that had any effect was 
pyridoxine. Inhibition by a concentration of 
102 M of isoniazid was completely reversed 
by 4.8 x 10+ M of pyridoxine when added to 
the complete synthetic medium. 

Table IV demonstrates the reversal of the 
isoniazid inhibition in Lactobacillus with 
varying concentrations of pyridoxine and its 
derivatives. A competitive type of reversal is 


demonstrated. The data show that the de- 
rivatives of pyridoxine, pyridoxamine, and 
pyridoxal, were much more effective in re- 
versing the isoniazid inhibition. Pyridox- 
amine dihydrochloride was from 2000-4000 
times as effective as pyridoxine while the 
pyridoxal hydrochloride was 1000-2000 times 
as effective in reversing the inhibition of 10° 
M concentration of isoniazid. 

With Saccharomyces carlsbergensis it was 
possible to demonstrate again the competitive 
reversal of the isoniazid by pyridoxine and 


TABLE III. Common Metabolites Tested for Re- 
versal of Isoniazid Inhibition of Lactobacillus 


plantarum. 
Cone. of 
isoniazid, Added cone., 
Metabolite M Growth* 
0 Complete basal medium t 4+ 
Gal 52 Se A rf — 
© Nicotinic acid .04-4.0 x 10° — 
Ss Nicotinamide .04-4.0 x ” —_ 
“ Pyridoxine» HCl .24-4.8 x 10°* 3+ -4-+4 
2 Thiamine-HOl .15-3.0 X ” —_—- | 
* Capantothenate .11-2.3 xX ” — 
3 p-aminobenzoic .37-3.7 X ” — 
acid 
1 Riboflavin aigele — 


* Determined by titration of acid produced. 
t All essential metabolites present in basal me- 
dium in cone. of no more than 2 yg/10 ml. 
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TABLE IV. Competitive Reversal of Isoniazid In- 
hibition of Lactobacillus plantarum by Pyridoxine 
and Its Derivatives. 


ml of 0.1N 
Cone. of Metabolite Na0OH/10 ml 
isoniazid, M cone., M of media 
Pyridoxine + HCl 
0 OFT ae 12.7 
WSO Wate Ory 2.3 
‘a 4.8 X 10-6 2.6 
i QS MO 2.8 
v 2.4 10° 3.1 
fs 4.8 x 10° 3.4 
e Dee Seal) = 10.7 
3 Aufl Oe AUD 11.4 
“i A) NS AG 12.6 
Pyridoxamine + 2HCl 
0 13.1 
LSS Oe re ivy 
LESS MOE 4.6 
4 Pose be? 8.3 
‘« AVAL SEM 10.0 
“ 1S Gales 11.6 
i 2.1% 107 12.8 
is Anal Oi 13.8 
i S22 10x 13.8 
Pyridoxal » HCl 
0 % 13.3 
USO s" my 2.8 
ss Ay 10s 4.3 
a? ie Sal pill 
ye ua SS Mae 7.2 
My AsO SAMOS 7.9 
i OSLO 8.5 
L Poe ele 11.8 
us 4.9 x 10° 12.8 


* All basal media contained 2 wg (9.7 X 10-7 M) 
pyridoxine/10 ml. 


its derivatives. In this organism, however, 
no great differences were noted between pyri- 
doxine, pyridoxamine, and pyridoxal, except 
that the 2 latter derivatives were slightly less 
effective. Table V demonstrates some of the 
results when the concentration of metabolite 
was constant and the amount of inhibitor 
varied. Similar competitive reversal of in- 
hibition was obtained when the inhibitor con- 
centration was constant and the metabolite 
varied. 


The first 2 organisms discussed above are 
representative of the type that requires an 
external source of pyridoxine. Table VI 
shows some results with the laboratory strain 
of Escherichia coli which is an example of 
the type without external pyridoxine require- 
ment. The strain isolated in the laboratory 
was inhibited in nutrient broth by the amounts 
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of isoniazid shown in the table and reversal 
by pyridoxine and its derivatives was only 
partial. Pyridoxal and pyridoxamine ap- 
peared only slightly more active in reversing 
the inhibition than did pyridoxine. 

Results with the mutant strain of the 
E. coli requiring nicotinic acid were slightly 
different. Pyridoxine at no time reversed 
completely the inhibition. Pyridoxamine and 
pyridoxal produced a complete reversal of in- 
hibition and were at least 2 to 3 times more 
active. 

It is interesting to observe that Strepto- 
coccus pyogenes could not be inhibited by 
isoniazid in any concentration up to 107? M. 
This was attempted in the commonly used 
meat infusion broth. Although this organism 


TABLE V. Competitive Reversal of Isoniazid In- 

hibition by .Pyridoxine- HCl in Saccharomyces 

carlsbergensis. 
Cone. of 


Cone. of Opt. density 


pyridoxine, M isoniazid, M at 650 mu 
0 : 0 Al 
4.86 x 10° 0 1.88 
2 Teese SN 1.80 
4 Pelee al Oink 1.75 
ti A) ee? 1.45 
ze Se00L Kat, 1.24 
a DiSaacey’ he 
iu coo Oar! 65 
% IO Os2 32 


TABLE VI. Inhibition of HZ. coli (Laboratory 
Strain) with Isoniazid and Partial Reversal of 
Inhibition with Pyridoxine and Pyridoxamine. 


Cone. of Cone. of Optical 
isoniazid, M metabolite, M density t 
Pyridoxine - HCl 

0 0 7 
5.8 X 10° 0 12 
ie 4.8 x 10° 9 
si ZA Gls BG) 
& Chto eh 22 
7 1.44 « 10-5 28 
‘ Oe KS ig 36 
Pyridoxamine - 2HCl* 
0 0 55 
Doe ea 0 aital 
2 fe XS OS 16 
a rll Se A 21 
a AN og 24 
i 1.26 X 10 36 
4 ieee 45 


* Pyridoxal gave similar results up to concentra- 
tions of 2.45 x 10-* M. 
+ All measurements made at 620 mu. 


eat, 
— — fia 
=e 
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has an external requirement of pyridoxine, it 
was felt that in all probability the non-syn- 
thetic medium contained sufficient pyridoxine 
or its derivatives to prevent any inhibition. 
Inhibition of the common strain of £. coli was 
also attempted in tryptone broth without suc- 
cess. Tryptone broth may have sufficient vit. 
Be or one of its derivatives to compete with 
the isoniazid. Although nutrient broth is not 
a synthetic medium its vit. Bg content may 
be sufficiently low to have little effect on the 
isoniazid inhibition. The initial amount of 
pyridoxine and its derivatives in many com- 
mon laboratory media may account for the 
wide discrepancies in reports of inhibition of 
other microorganisms by isoniazid. 

In an attempt to study the reversal of 
isoniazid inhibition in the various strains of 
Mycobacteria no effect of any nature was 
noted. Using the BCG strain in modified 
Kirchner’s and Dubos medium and_ the 
H37Rv strain in Dubos medium, inhibition 
by concentration of isoniazid from 0.073 to 
7.3 x 10° M was not reversed by concentra- 
tions up to 1 x 10° M of pyridoxine and its 
derivatives. In the M. butyricum using the 
synthetic isoniazid assay medium no reversal 
was noted when the concentrations of iso- 
niazid ranged from 3.6 to 36 x 10° M and the 
concentration of pyridoxine and its deriva- 
tives ranged up to 5 x 10+ M. 


Discussion and conclusions. Of the more 
common vitamins tested for reversal of iso- 
niazid inhibition in Lactobacillus plantarum, 
nicotinic acid, nicotinamide, and pyridoxine 
and its derivatives were structurally similar 
to isoniazid. The concentrations of isoniazid 
required to inhibit Lactobacillus and the other 
organisms studied were much greater than are 
required to inhibit Mycobacteria. Although 
relatively high concentrations of isoniazid 
were required to inhibit Lactobacillus plan- 
tarum and Saccharomyces carlsbergensis, when 
pyridoxine and its derivatives were supplied 
externally, a typical competitive type reversal 
of the inhibition was obtained. With Lacto- 
bacillus, pyridoxal and pyridoxamine were 
much more effective than pyridoxine in revers- 
ing this inhibition. This result may be ex- 
pected as the lactic acid bacteria normally 
demonstrate a greater response to pyridox- 
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amine and pyridoxal. With the strains of 
E. coli, larger amounts of vit. Bg and deriva- 
tives were required to produce reversal of 
inhibition and reversal was not always com- 
plete and not as typically competitive. The 
fact that E. coli can synthesize pyridoxine may 
result in a more complex, atypical mode of 
inhibition and reversal. Using Mycobacteria, 
which synthesize pyridoxine, no reversal of 
isoniazid inhibition was obtained by addition 
of any amounts of pyridoxine or its derivatives 
to the media. If vit. B, is involved in the 
inhibition of growth of Mycobacterium by 
isoniazid it does not appear to be a substrate 
phenomenon as in the case of Lactobacillus 
and Saccharomyces. The above results, how- 
ever, do not preclude the possibility of a 
metabolic antagonism between isoniazid and 
vit. Bg. It is possible that in the Mycobac- 
teria isoniazid may produce inhibition by in- 
terfering with the initial synthesis of pyri- 
doxine or by interfering with the utilization 
of pyridoxine or its derivatives for the syn- 
thesis of essential substances such as enzyme 
systems in which they serve as_ prosthetic 
groups, as in decarboxylase or transaminase 
reactions. Zeller and Barsky(7,8) demon- 
strated inhibition of monamine oxidase on 
bacterial and mammalian enzymes with iso- 
niazid and isonicotinyl-2-isopropyl hydrazine. 
No attempt to reverse this inhibition was 
mentioned. Yoneda ez al.(9,10) were able to 
reverse isoniazid inhibition of indole forma- 
tion and amino acid decarboxylation activity 
in #. coli with vit. Bg and its derivatives. The 
present results also indicate that isoniazid is 
an antimetabolite of vit. Bg in certain micro- 
organisms. Antagonism between isoniazid and 
vit. Bg was not manifested in the Mycobac- 
terium however, and does not serve to explain 
the mode of action of isoniazid on the tubercle 
bacillus. 

Preliminary results in this laboratory(11) 
indicate that the uptake of C™ labeled iso- 
niazid by these organisms is very small and 
as yet no conclusion can be drawn in relation- 
ship to the mode of action of isoniazid. 

Summary. 1. It was possible to inhibit 
growth of organisms other than Mycobac- 
terium with isoniazid by controlling the 
amount of pyridoxine and its derivatives in 
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the media. Lactobacillus plantarum and 
Saccharomyces carlsbergensis were inhibited 
in a synthetic medium by isoniazid concentra- 
tions of less than 107 M. This inhibition was 
competitively reversed by pyridoxine, pyridox- 
amine, and pyridoxal. In reversing isoniazid 
inhibition of Lactobacillus, pyridoxamine, and 
pyridoxal were from 1000 to 4000 times more 
effective, than pyridoxine. 2. Two strains of 
E. coli were inhibited with isoniazid with par- 
tial reversal with pyridoxine and derivatives. 
Larger amounts of the metabolite were re- 
quired and the reversal was not as typically 
competitive. 3. No reversal of isoniazid in- 
hibition could be obtained with vit. Bg or its 
derivatives in any of the Mycobacteria tested. 
If isoniazid acts as an antagonist of pyridoxine 
or its derivatives in the Mycobacteria, it is not 
a simple substrate competition or uptake 
phenomenon. 


Acknowledgement is made with thanks to Mrs. 
Donna Faye Turney for her technical assistance. 
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Failure of Grafted Ovaries to Assume Adrenalcortical Function in Rats.* 
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Medicine, University of Miami, Coral Gables, Fla. 


It has been shown that under specific con- 
ditions the ovary of the mouse can and does 
assume life-sustaining corticoadrenal func- 
tions(1,2). Working independently and in 
different laboratories, the authors have made 
autoplastic intrasplenic ovarian grafts in 
young adult and in immature rats in an effort 
to determine the effectiveness of such a graft 
on post adrenalectomy survival time in the 
rat. 

The recent article by Lichton, Goldblatt, 
and Stolpe(3) prompts us to make our data 
available. 

Methods. The animals used were of sturdy 
albino stock of no specific strain origin, and 


* This project was supported, in part, by funds 
from the U. S. Public Health Service to R. T. Hill 
under grant. 


in each case were fed standard laboratory 
diets. The experiments on the young adult 
rats were performed by Hill, and those experi- 
ments on the immature rats were done by 
Bernstorf. The mature rats were bilaterally 
spayed, and at the same time the left ovary 
was grafted into the spleen. At various in- 
tervals following recovery, the right adrenal 
was removed. The left and second adrenal 
was removed approximately 2 weeks following 
first adrenal removal (Table I). Following 
the completion of adrenalectomy, the weights 
of all animals were recorded every few days. 
If the animals were discovered soon after 
death they were examined for remnants of 
adrenal tissue and for the general condition 
of the graft. The immature rats were spayed 
at weaning, and 17 of the 19 animals used 
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TABLE I. Body Weight and Length of Post- 
adrenalectomy Survival in 22 Mature Graft-Bear- 
ing rats. 

Body wt in g 
' No. of 
Day postadrenalectomy Last wt survival 
1 6 13 15 Day g days 


177 170 146 149 20 115 20 


194 174 170 165 20 144 20 
os = ers ae #2 an 1* 
pears: ones Due —_ —_ _s 1* 
178 172 160 149 -—— — 20 
215 203 202 200 34 186 34 


159 157 140 141 24 131 28 
157 143 127 122 16 116 16 


167 152 161 157 24 = 134 28 
— — — — — — Ky 
168. 157 143 141 21 115 21 
Day postadrenalectomy 
2 6 i183 IM 
182 169 167 — -e — 16 


178 170 175 172: 24 140 24 
153 144 137 126 21 

203 185 180 169 48 157 48 
203 .193 190 173 19 150 19 
161 150 137 124 21 109 21 
168 162 150 137 23 123 23 
192 179 176 164 24 
193 190 2:10 206 24 208 24 
163 151 147 130 28 90 23 
154 140 142 129 19 


* Operated on by technician, died Ist. post op. 
day and excluded from results. 
+ Eviscerated through surgical opening. 


were given an ovarian autograft into the 
spleen. Two animals were left without ovar- 
ian graft as controls. This entire group was 
adrenalectomized in 2 stages on days 30 and 
34 following the grafting of the ovary into the 
spleen. All animals were weighed at the time 
of removal of the final adrenal, and again after 
5 days. At death the animals were observed 
for adrenal tissue and the grafts of ovaries 
were weighed (Table II). 


Data and discussion. In the adult rat 
series, 17 of 22 animals died within 30 days 
after adrenalectomy, with an average survival 
time of 22 days. Three animals died on the 
first post operative day (see footnote to 
Table I), and therefore are excluded. Two 
animals survived adrenal removal for periods 
of 34 and 48 days, respectively, and if in- 
cluded in the average survival time, they 
augment it upwards by only 2 days. 


The immature animals had an average sur- 
vival time of 10 days, with the ungrafted 
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adrenalectomized controls having a survival of 
7.5 days. 


We note with interest that the average 
survival period of all of our ovarian grafted 
rats is quite in line with the average survival 
time of the adrenalectomized control animals 
of Lichton et al. Furthermore, all of our 
animals were observed to carry macroscopic 
grafts at the time of removal of the second 
adrenal (left), and in most of the immature 
animals the graft was weighed following 
death. ; 


It is impossible to explain the differences 
in the results obtained by us and those ob- 
tained by Lichton and coworkers(3). For 
the present those differences must be ascribed 
to one or more unknown factors, which it is 
hoped will be cleared by subsequent studies. 
We believe it is significant that our results 
bear such remarkable correlation especially 
when the work was done in 2 different labora- 
tories, with an intervening period of more than 
2 years in the 2 sets of experiments, and by 2 
separate investigators on 2 totally unrelated 
groups of rats. We take note of the effective- 
ness of ovaries in mice in prolonging life after 
adrenalectomy(1,2). Likewise we are well 


TABLE Il. Body and Ovarian Graft Weights and 
Length of Postadrenalectomy Survival in 19 Im- 
mature Graft-Bearing Rats. 


Body wt in g 
Day 
postadrenalectomy Graft wt No. of sur- 
0 pe Nina} in mg vival days 

WANs} 106.4 8.7 7.0 
114.3 118.7 13.4 12.5 
104.6 115.7 31.2 12.5 
119.8 122.2 77.8 10.0 
117.0 110.4 72.5 22.5 
118.4 120.9 4.3 12.0 
116.0 117.3 14.9 12.0 
102.4 108.8 69.2 13.5 
123.2 105.8 39.4 7.5 
109.5 109.1 28.4 10.5 
102.0 122.5 — — 
104.5 105.4 22.7 11.0 
102.9 sil 54.2 7.0 

Mri 98.8 67.1 7.5 

88.9 83.6 64.8 8.5 

94.4, 85.0 66.3 8.5 
110.0 96.8 97.6 8.0 

Adrenalectomized controls 

101.5 86.2 — 7.5 

90.0 88.5 = 7.5 


\ 
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aware of the androgenic potentialities of the 
mouse ovary (4,5). 

Deanesly(6) and subsequent workers have 
extended Hill’s original observations, finding 
an androgenic activity in the rat ovary. How- 
ever, in no case has the rat exhibited the same 
quality of androgenic activity in its ovaries 
as that found in the mouse. Likewise the 
androgenic response in the mouse ovary is 
much more closely correlated with tempera- 
ture changes than is the rat ovary. Too often 
it is assumed that, because of gross similarity, 
and sometimes a physiologic similarity, that 
those reactions occurring in one species will 
occur in the other species. 

Summary. Two separate investigators, 
working in different laboratories at different 
times and with unrelated rat colonies have 
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correlative data which shows, within the limits 
of the experiments, that spleen grafted ovaries. 
will not noticeably extend the post adrenalec- 
tomy life of the host animal. The difference 
between the positive response in mice and the 
negative response in rats is noted. Histology 
of the grafted tissue was not correlated with 
the physiological response obtained. 


1. Hill, R. T., Endocrinology, 1948, v42, 339. 

2. 7 dastDS Med. and Surg., 1949, v7, 86. 

3. Lichton, I. J., Goldblatt, M. H., and Stolpe, 
S. G., Endocrinology, 1953, v52, 546. 

4. Hill, R. T., Endocrinology, 1937, v21, 495. 

5h , ibid., 1937, v21, 633. 

6. Deanesly, R., Proc. Roy. Soc., London, 1938, 
s. B. 126, 122. 
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Interval Between Inoculations as a Factor in Interference between 


Neurotropic Viruses. 


(20623) 


Cart E. DuFry AND Paut N. Morcan. 


From the Department of Bacteriology and Parasitology, University of Arkansas, School of Medicine, 
Little Rock.* 


In recent studies(1,2) reported from this 
laboratory it was found that 3- to 4-week-old 
tats, which are ordinarily highly susceptible 
to Western equine encephalomyelitis (WEE) 
virus, were much less susceptible to the virus, 
following nasal instillation, if St.. Louis en- 
cephalitis (SLE) virus had been inoculated 
by the same route 72 hours previously. The 
purpose of the studies reported here was to 
determine the interval that must elapse be- 
tween the intranasal inoculation of SLE virus 
and the subsequent inoculation of WEE virus 
for interference to occur and also to determine 
how long the interfering effect persisted. 


Materials and methods. ‘The 2 viruses used 
have been described previously(1). Two dif- 
ferent methods were employed in preparing 
the different virus suspensions used. They 
were prepared from virus-infected brains of 
2- to 4-week-old Swiss mice by either grinding 


* Research Paper No, 988 Journal Series, Universi- 
ty of Arkansas. 


the brains in a mortar with alundum and suf- 
ficient cold, inactivated, undiluted rabbit 
serum to make a 10% suspension of infected 
brains or by homogenizing the infected brains 
in a Waring blendor together with sufficient 
of the above diluent to make a 10% suspen- 
sion. The suspensions were centrifuged at 
about 2000 RPM for 5 minutes to sediment 
gross particles. The supernatant fluid was 
removed, distributed in 2 ml amounts in 
screw-capped vials and “quick-frozen” by 
rolling the vials in a mixture of dry-ice and 
alcohol. The vials were then stored in a COs 
cabinet until needed. Virus suspensions were 
titrated intracerebrally in 3- to 4-week-old 
Swiss mice after storage for different intervals 
in the COs cabinet. Two suspensions of each 
of the 2 viruses were used. One suspension 
of SLE virus was titrated after 5 days storage 
at about —70°C and the second after 11 days. 
The LD/50 titer(5) in each case was 1 x 
10°:°. One suspension of WEE virus was 
titrated 4 days after storage and the second 
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TABLE I. Interval Required for Interference between St. Louis Encephalitis Virus and Western Equine 
Encephalomyelitis Virus. 18 rats in each series. 


Interyal 
between 


Material instilled SLE and ,———— Interval between WHE and death (days) ———._. % mor- 
into nose WHE brs 1234555 967 ~8 9.10 11:12 13 14 15 16°17 Results “tality 

WEE (controls) — ia (Ore aa ASO AO) nal 
SLE* WHEt 2 OO) ky il ae on 

7 e 6 OO aly al 2 a fi 

e ‘i 12 CO ome: i i 

y sy 24 Oy ay ati: Fa 17/18 94 

ve ts 48 Ope OMe Ogee Oro, On A a 2 15/18 83 

“¢ ie 72 OO) Te Oe OO, a EP RD OO SO SO, ab Sa AlS 56 

gl B 96 Cn  O..0 MeO Oy Be Baal. ah ab 8/18 44 


* SLE = St. Louis Encephalitis virus. 


+t WEE = Western Equine Encephalomyelitis virus. 


t Zero indicates no deaths that day. Other number indicates No. of deaths that day. 
§ Numerator indicates No. of deaths; denominator, No. of animals tested. 


after 9 days. The LD/50 titers were 1 x 
107% and 1 x 10*5, respectively. Male 
Sprague-Dawley rats, 24 days of age and 
weighing 38 to 54 g, were used. All inocula- 
tions were made under light ether anesthesia. 
All rats were observed daily for at least 21 
days following inoculation of WEE virus. 
Experimental. Interval required for inter- 
ference. 144 3- to 4-week-old rats were sep- 
arated into 8 groups of 18 animals each. 
Seven of the groups received a single intra- 
nasal inoculation of 0.05 ml of a 10% suspen- 
sion of SLE virus (LD/50 8.5). At the in- 
tervals indicated in Table I these animals 
were challenged intranasally with 0.05 ml of 
a 10% suspension of WEE virus (LD/50 8.8). 
One group of 18 animals received WEE virus 
as controls. The experiments were designed 
so that all 144 rats were inoculated with WEE 
virus on the same day. The data presented 
in Table I show that 100% mortality was 
observed in the control group and also in the 
groups which had received SLE at either 2, 
6, or 12 hours before being inoculated with 
WEE virus. In the group which received 
SLE virus 24 hours before WEE virus was 
inoculated, only one animal survived. It 
would appear that the above SLE-treated rats 
were as susceptible to WEE virus as were the 
controls, since not only was the mortality 
essentially the same, but in addition, they 
succumbed to WEE virus as early as did the 
controls. In the group which received WEE 
virus 48 hours after the inoculation of SLE 
virus, while only 3 of 18 animals survived, it 
should be noted that the survival time was 


somewhat longer than that in the case of the 
controls. It has already been pointed out that 
when 3- to 4-week-old rats, which receive 
WEE virus intranasally 72 hours after having 
been inoculated with SLE virus by the same 
route, do succumb, they survive for a longer 
period than do control animals(1). It was 
only in the rats which had been inoculated 
with WEE virus at 72- and 96-hour intervals 
that a high degree of protection was noted. 
The data show that roughly 50% of the ani- 
mals in these 2 groups were resistant to WEE 
virus. This finding confirms results already 
reported(1,2) in which it was noted that 50 
to 65% of 3- to 4-week-old rats, which were 
inoculated intranasally with SLE virus and 
challenged 72 hours later by the same route 
with WEE virus, resisted infection with the 
latter virus. 

Duration of interference. The purpose of 
this aspect of the studies was to determine 
how long rats which had had SLE virus in- 
oculated intranasally would remain resistant 
to WEE virus subsequently inoculated by the 
same route. Twenty-seven 3- to 4-week-old 
rats were inoculated intranasally on each of 
3 consecutive days with 0.05 ml of a 10% 
suspension of SLE virus (LD/50 8.5). Three 
inoculations were given since it has been 
shown that 3 daily intranasal inoculations 
give a higher degree of protection against 
nasally instilled WEE virus than that obtained 
by a single inoculation(2). Controls of the 
same age received 0.05 ml of a 10% suspen- 
sion of normal mouse brain (NMB) on each 
of 3 consecutive days at the time the test 


300 INTERFERENCE BETWEEN NEUROTROPIC VIRUSES 


TABLE II. Duration of Interference between St. Louis Encephalitis Virus and Western Equine 
Encephalomyelitis Virus. 
a 


Interval be- 
tween NMB 


Interval between WHE and death 


No.of Materialinstilled or SLE and (days) To 
rats intonosesofrats WHE,days 1 2 3 4 5 6 7 9 10 Results mortality 
11 NMB*X3 WEE 10 OO rey iy SEY Os aa 10/11 91 
14S SLE Gs ee 10 OO OO) Oy le OL a 2/14 14 
i> NMBS <3 is 21 OO 8 AL 100 
13 SLE xX 3 a 21 OR 207 OMe eS amo hance ilal/Als} 85 


* NMB = Normal mouse brain. 


animals received their 3 inoculations of 
SLE virus. On the 10th day following the 
third inoculation of SLE virus, 14 of the 
SLE-treated animals received 0.05 ml of a 
10% suspension of WEE virus (LD/50 7.8) 
intranasally. The remaining 13 SLE-treated 
rats were inoculated intranasally with 0.05 
ml of a 10% suspension of WEE virus (LD/50 
7.8) 21 days after the third inoculation of SLE 
virus. Eleven control animals were used for 
each group of test animals. The results (Table 
II) indicate that the interfering effect per- 
sisted for at least 10 days, since only 2 of the 
14 animals proved to be susceptible to the 
WEE virus, while 10 of the 11 controls suc- 
cumbed. The interfering effect did not per- 
sist until the 21st day, however, since rats 
tested 21 days after SLE virus had been in- 
oculated intranasally were highly susceptible 
to WEE inoculated by the same route in that 
11 of the 13 animals tested succumbed. 
Discussion. From the data presented it is 
evident that at least 72 hours must elapse 
between the inoculation of the SLE virus and 
the subsequent inoculation of the WEE virus 
before a significant degree of interference can 
be observed. When SLE virus is instilled 
into the noses of normal 3- to 4-week-old rats 
it invades the CNS by the olfactory pathway 
and can be detected in the anterior rhinen- 
cephalon 24 hours later(1,3,4). However, 
virus at this time is present in low concentra- 
tion in this part of the CNS. It would appear 
for nasally instilled SLE virus to interfere 
with the passage of WEE virus along the 
olfactory pathway that it must first pass along 
this pathway and then undergo multiplication 
particularly in the anterior rhinencephalon. 
The evidence suggests that the type of inter- 
ference described here is not dependent alone 
upon the presence of the SLE virus in the 
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CNS, since it has been shown that SLE virus, 
reaching the brain following nasal instillation, 
did not protect rats against WEE  subse- 
quently injected directly into the brain(1). 
That the interference between SLE virus 


and WEE virus is not based on specific im- 


munity is evident from data presented which 
show that while the interfering effect of SLE 
persists for at least 10 days, it cannot. be dem- 
onstrated 21 days following the inoculation 
of the interfering virus. 

Summary. St. Louis encephalitis virus, fol- 
lowing nasal instillation, did not protect rats 
from Western equine encephalomyelitis virus 
inoculated 2, 6, 12, and 24 hours later by the 
same route. If the equine encephalomyelitis 
virus was inoculated 48 hours after the St. 
Louis encephalitis virus, some interference was 
noted since these animals survived longer than 
did controls. A high degree of protection 
against equine encephalomyelitis virus was 
observed in rats that had had St. Louis en- 
cephalitis virus inoculated intranasally 72 and 
96 hours before the equine encephalomyelitis 
virus was inoculated by the same route. Rats 
inoculated intranasally with St. Louis enceph- 
alitis virus are resistant to nasally instilled 
equine encephalomyelitis virus for as long as 
10 days after the former virus is inoculated, 
but by the 21st day this resistance disappears. 


1. Jordan, R. T., and Duffy, ‘C. E., J. Inf. Dis, 
1952, v91, 165. 
2. Duffy, C. E., Jordan, R. T., and Meyer, H. M., 


_ Proc. Soc. Exp. Bioy. AND MeEp., 1952, v80, 279. 


3. Duffy, C. E., and Sabin, A. B., J. Bact., 1942, 
v43, 88, Abstract. 

4, , unpublished data. 

5. Reed, L. J., and Muench, H., Am. J. Hyg., 
1938, v27, 493 
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Preliminary Observations on a New Derivative of Isoniazid (Ro 2-4969) 


(20624) : 


FRANK C. LARSON AND HELEN A. DICKIE. 


(Introduced by Ovid O. Meyer.) 


From the Department of Medicine, University of Wisconsin School of Medicine, Madison. 


The effectiveness of isoniazid in the treat- 
ment of experimental tuberculosis in animals 
was first reported by Grunberg and Schnit- 
zer(1). These investigators have since found 
that Ro 2-4969, a new derivative of isoniazid, 
has similar anti-tuberculosis properties(2). 
Chemically, Ro 2-4969 is 1,1-’Methylenebis 
(2-isonicotinylhydrazine). The structural re- 
lationship between Ro 2-4969 and isoniazid is 
represented as follows: 


O O O 
| | 

CNHNH, C-NHNHCH,NHNHC 

| | | 
@ a @ 
YV \ VY 

N N N 

Isoniazid Ro 2-4969 


Benson et al.(3) found that the subacute 
toxicity of Ro 2-4969 in rats is less than that 
of isoniazid; acute toxicity in other species 
also compares favorably with that of iso- 
niazid. According to Schnitzer and Grun- 
berg(2), the chemotherapeutic ratio (LD50/ 
PDs0) of Ro 2-4969 in mice is greater than 
260; the comparative value for isoniazid is 
44. In view of these promising reports the 
present study was undertaken to determine 
the effects of Ro 2-4969* on tuberculosis in 
man. Particular attention was paid to the 
absorption of Ro 2-4969 because of its low 
solubility. 

Methods. The concentration of Ro 2-4969 
in blood plasma was determined according to 
the method of Rubin et al.(4). This technic 
is based on the determination of isonicotinic 
acid. All results of determinations of plasma 
levels are therefore expressed as micrograms 
of isonicotinic acid per ml. It is not known 
in what form Ro 2-4969 exists in the blood. 
Most of the subjects used in this study were 
patients at the Lakeview Sanatorium. We 


* Made’ available for this study by Dr. M. J. 
Schiffrin, Hoffmann-La Roche, Inc., Nutley, N. J. 


are indebted to Dr. John K. Shumate, 
Superintendent and Medical Director of 
Lakeview, for his generous cooperation and 
assistance in the care and study of these 
patients. 

Results. Fig. 1 presents the plasma con- 
centrations following a single oral dose of Ro 
2-4969 compared with a similar dose of iso- 
niazid in the same subject. The rapid rise 
and decline following isoniazid is typical of 
the drug. No detectable concentration was 
found 24 hours after the administration of 
isoniazid. Ro 2-4969, on the other hand, 
reached its peak more slowly, a significant 
level was present at the end of 12 hours and a 
detectable concentration at the end of 24 
hours. 

The presence of discernible quantities at 
the end of 24 hours led to an examination of 
the possible accumulation of Ro 2-4969 if it 
were given over a period of several days. The 
plasma concentrations of 3 patients who were 
given the drug daily for 8 days were ob- 
served. Ro 2-4969 was administered for the 
first 4 days at a total dose of 5 mg/kg/day 
and then increased to 10 mg/kg/day for the 
remaining 4 days. The divided doses were 
given at 8:00 A.M., noon, and 5:00 P.M. 


MCG.ISONICOTINIC ACID/ ML. PLASMA 


ea? 8 12 24 


HOURS FOLLOWING ADMINISTRATION 


FIG. 1. Plasma concentrations in the same subject 
following oral administration of 200 mg each iso- 
niazid (solid line) and Ro 2-4969 (broken line). 
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| 
| 
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BACs AFTER FIRST DAILY DOSE 


IST DAY | 240 DAY 


at pay 


5TH DAY 


FIG. 2. Plasma concentrations in 3 subjects receiving Ro 2-4969 daily in divided doses for a 
period of 8 consecutive days. Figures at top refer to day of administration at either the 75 mg 
or 150 mg level. Days listed at bottom of figure refer to the experimental days. 


Plasma levels were determined before the 
morning administration and at one, 2, and 4 
hours after the first dose. A definite cumula- 
tive tendency was observed throughout the 
8-day period (Fig. 2). 

The possibility of accumulation over longer 
periods was studied in 10 patients who receiv- 
ed a single daily dose of Ro 2-4969, 10 mg/kg, 
over a period of 9 weeks. Plasma concentra- 
tions were determined once weekly just prior 
to the administration of the daily dose, hence 
24 hours following the previous dose. These 
data are presented in Table I. There was a 
definite tendency toward establishment of a 
continuous blood concentration at a high 
therapeutic average level of 1.0-1.5 ug/ml 
plasma from the third week on. In addition 
to these 10 patients, 16 patients were given 
the same dosage but without regular deter- 
minations of plasma concentrations. 

Discussion. It is evident that when Ro 
2-4969 is administered orally, a derivative 
of isonicotinic acid appears in the plasma. 
The peak concentration appears later and is 
lower than that following the administration 
of isoniazid; however, measurable quantities 
persist longer than with isoniazid. 

At the 10 mg/kg/day dosage, there is a 


cumulative effect even when Ro 2-4969 is 
given as a single daily dose, so that after 2 or 
3 weeks clinically significant concentrations 
(one or more pg/ml) are present 24 hours 
following each dose. It is reasonable to 
assume that such significant levels persist 
throughout the entire 24-hour period. 

A detailed report of the clinical observa- 
tions made during the treatment of these 
patients will appear subsequently. In gen- 
eral, the clinical, x-ray and_ bacteriological 
response in 26 patients treated for 2 months 
or longer have paralleled those seen with 
isoniazid therapy. As with any new agent, 
the final assessment of the value of Ro 


TABLE I. yg Isonicotinie Acid per ml Plasma. 


Weeks of treatment 


1 2 3 7 8 

Bs peror well Olea Waitt ae Le () “SEG: 8 8 
C. = Gvinte AO aD SENS A ii Vili ee al hee ——— et 
Gs = 6 8 8 ) 50: Was penal 
Jel (OT pd By a LON ei pe Oty edd aT AG 
W. Oe OG a, UNS ad Aree ee 
A.W. 6 at oO eS EIS keel are LO melee 
J.B. Bese ol Se ell) ee Syl iy) wel 
F. a) 8 28. ARE 126: als 4 —— att 
8. wh ath On ened 8 —- — 
K. syed 0 eT Orie ian a7: 8 

Avg 5 co a bead md FB leroy a bea AIREY oe aD aL 


ADRENALECTOMY AND INTESTINAL MorILity 


2-4969 in the treatment of human tuberculosis 
must await prolonged clinical trial. It is sig- 
nificant, however, that no toxic reactions to 
Ro 2-4969 were observed. 


Summary. 1. Ro 2-4969, a compound of 
low solubility, related to isoniazid, has been 
administered experimentally to human sub- 
jects to determine the rate and extent of ab- 
sorption from the gastrointestinal tract. 2. 
The compound or its derivatives appeared in 
the plasma and, probably because of slow 
absorption, detectable and clinically signifi- 
cant amounts remained for a longer period 
than when the highly soluble isoniazid was 
administered. 3. The drug administered in 
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a single daily dose of 10 mg/kg/day was 
found to maintain drug concentrations of one 
pg/ml of plasma without dangerous cumula- 
tive effect. 4. No toxic reactions have been 
observed in 26 patients treated for 2 months 
or more. 


1, Grunberg, E., and Schnitzer, R. J., Quart. Bull. 
Sea View Hosp., 1952, v13, 3. 

2. Schnitzer, R. J., and Grunberg, E., personal com- 
munication. 

3. Benson, W. M., Roe, M. D., and Mermod, C., 
personal communication. 

4. Rubin, S. H., Drekter, L., Scheiner, J., and 
De Ritter, E., Diseases of the Chest, 1952, v21, 75. 
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The Effect of Adrenalectomy on Propulsive Motility of the Small Intestine 


in Rats. 


LELAND C. WyMaANn.* 


(20625) 


(Introduced by George P. Fulton.) 


From the Department of Biology, Boston University, Boston, Mass. 


Digestive disturbances occur in Addison’s 
disease and in adrenal insufficiency in animals 
(1,2), but relatively few direct studies of 
gastro-intestinal behavior after adrenalectomy 
have been reported. Anorexia, nausea, vomit- 
ing, either constipation or diarrhea, and ab- 
dominal pain are symptoms in Addison’s dis- 
ease; congestion, diffuse hemorrhage of the 
intestine and bloody diarrhea are common in 
adrenalectomized animals. Vogt(3) found 
that the circular muscle coat of the isolated 
intestine of the adrenalectomized rabbit fre- 
quently developed powerful, spasmotic, rhy- 
thmic contractions, while Auerbach’s plexus 
often failed to respond to normally effective 
stimuli. Since adrenal extract did not restore 
normal activity, it was concluded that the 
abnormal intestinal behavior was due to secon- 
dary effects of adrenal removal. 

Methods. Propulsive motility of the small 
intestine was studied by the method of Van 
Liere e¢ al.(4) in 82 young male, albino Wistar 
rats, weighing from 90 to 150 g. Thirty 


* Many of the experiments were performed by the 
following graduate students: Milton Stern, Harold 
Carlin, and Mario M. Boschetti. 


adrenalectomized rats were tested 4 to 7 days 
after operation. Since two types of control 
animals (intact and sham-operated) are neces- 
sary, 15 intact and 19 sham-operated were 
tested. Purina Laboratory Chow and _ tap 
water was supplied ad libitum, and daily food 
intake was measured. Since adrenalectomized 
rats lose their appetite, controls for the effect 
of relative starvation were performed by feed- 
ing an additional 6 intact and 12 sham-oper- 
ated rats a daily amount of food equal to the 
average amount eaten by adrenalectomized 
rats and testing them after periods of reduced 
food intake equal to that after adrenalectomy. 
In all groups, the rats were starved for 24 
hours prior to testing for intestinal propulsion. 


Results. The results are presented in Table 
I as percent of the total number of rats in each 
experimental group falling within each 5% 
range of the length of the small intestine tra- 
versed by the test meal of charcoal. No 
essential difference occurred between the in- 
tact and sham-operated rats. Partial starva- 
tion of both normal and sham-operated rats 
produced some increase in intestinal motility. 
However, no significant differences were found 
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ADRENALECTOMY AND INTESTINAL MOTILITY 


TABLE I. Effect of Adrenalectomy or Relative Starvation on Propulsive Motility of Small 
Intestine in Rats (Expressed as % of Total No. of Rats in Hach Experimental Group). 


No. of 
ratsin ,———— % of small intestine traversed by test meal—_, 
Type of rat group 56-60 61-65 66-70 71-75 76-80 81-85 86-90 91-95 96-100 
Intact normal 15 alia 20 27 20 20 
Normal starved 6 oo ey, 33 aes 
Sham-operated 19 5 11 iit 21 31 21 
Sham-operated 12 8 8 25 34 8 17 
starved 
Adrenalectomized 30 10 3 3 10 7 23) 34 10 
Total controls 52 4 8 iat 25 20 19 6 


* % given as the nearest whole figure. 


among the 4 control groups, and consequently 
the combined data were used for comparison 
with the adrenalectomized group. 


The adrenalectomized rats differed in two 
respects from the controls. The small in- 
testines were more active, since 67% exhibited 
propulsion of the charcoal beyond 85% of the 
intestinal length. However, 10% had less 
active intestines than the controls, propelling 
the charcoal less than 61% of the distance. 


The altered propulsive activity of the in- 
testine was not related to the physiological 
condition of the adrenalectomized rats. For 
example, severe adrenal insufficiency appeared 
in approximately one third of those with in- 
creased motility and also in the same propor- 
tion showing decreased motility. The con- 
dition of the other two-thirds in each group 
varied from poor to fair or good. 


Discussion. The increased motility of the 
small intestine in adrenalectomized rats may 
be associated with changes in the electrolyte 
balance in the body. Hyperpotassemia occurs 
during adrenal insuificiency in rats(5,6) and 
high potassium may stimulate smooth muscle 
(7,8). Furthermore, hypomotility occurs in 


rats during potassium deficiency and potassium: 
injections stimulate active movements(9). 


Summary. Adrenalectomized rats showed 
greater propulsive motility of the small in- 
testine than intact, sham-operated, or par- 
tially starved controls. A small proportion 
exhibited abnormally reduced activity. The 
altered activity during adrenal insufficiency 
may be associated with changes in the potas- 
sium balance. 


1. Stewart, G. N., Arch. Int. Med., 1929, v43, 733. 
2. Hartman, F. A., and Brownell, K. A., The 
Adrenal Gland, Philadelphia, 1949, pp. 205, 350, 420. 

3. Vogt, M., J. Physiol., 1943, v102, 239. 

4. Van Liere, E. J., Stickney, J. C., and Northup, 
D. W., Proc. Soc. Exp. Bioy. anp Mep., 1951, v76, 
102. 

5. Harrison, HSE: and barrows. Ds Gamelan. 
Invest., 1938, v17, 77. 

6. Harrison, H. E., and Harrison, H. C., Proc. 
Soc. Exp. Biot. anD Mep., 1939, v42, 506. 

7. Katz, L. N., and Lindner, E., Am. J. Physiol., 
1938, v124, 155. 7 

8. Dawes, G. S., J. Physiol., 1941, v99, 224. 

9. Henrikson, H. W., Am. J. Physiol., 1951, v164, 
263. 
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(20626) 


Gustav J. Martin, J. Moss, ANp J. M. BEILeEr. 
From the Research Laboratories, The National Drug Co., Philadelphia, Pa. 


Experimental attempts to stimulate anti- 
body formation and to promote the persist- 
ence of an effective titer have been undertaken 
ever since Pasteur and Joubert published 
their work in 1877. Since that time a size- 
able body of information has accumulated in 
the literature on the use of adjuvants of 
widely diverse natures as exemplified by re- 
ports of the activities of various chemical 
agents, foreign proteins and non-related bac- 
teria. Perhaps the most widely investigated 
adjuvant is that which consists of water and 
mineral oil with an emulsifying agent. Suc- 
cessful results with this adjuvant have been 
ascribed to “‘the slow prolonged absorption of 
the active antigen’(1) or “to the direct con- 
tact of the oil with the tissues eliciting the 
gathering of phagocytes that not only attempt 
to carry off the oil but are also effective in 
antibody formation” (2). 

It has been shown that hyaluronidase can 
be effectively inhibited i vitro(3) and in 


Reciprocal 
of 
Agglutinin 
Titer 


(average) 


J 


Booster al 2 3 


vivo(4) by phosphorylated hesperidin. Ap- 
plication of this principle has been extended 
to experiments designed to determine if this 
hesperidin derivative will delay absorption 
of parenterally administered substances. 
Work in this laboratory has proven, in fact, 
that trypsin(5), heparin(6), vitamins, anti- 
biotics, pressor amines, and local anes- 
thetics(7) have a more prolonged blood level 
when administered with phosphorylated hes- 
peridin. If a delay in absorption of a par- 
ticulate antigen from the injection site will 
produce an adjuvant action, then the addition 
of a compound such as phosphorylated hes- 
peridin to a vaccine should be attended by an 
increase and prolongation of antibody titer. 
Verification of this has been achieved in ani- 
mal experiments as follows: 

Three groups of 6 rabbits each were im- 
munized with single subcutaneous injections 
of formalinized typhoid organisms suspended 
in a different medium for each group. The 
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U 


4 5 6 7 8 9 
Time in weeks 


FIG. 1. Graph showing antibody titer in rabbits after administration of antigen in various 
vehicles. —>X— Typhoid in saline. —-@— Typhoid in 4% phosphorylated hesperidin. 
——-Q---— Typhoid in water in oil emulsion. 
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suspending media were saline, 4% phospho- 
rylated hesperidin solution and a water-in-oil 
emulsion. In each case the amount injected 
consisted of one cc of material containing 500 
million organisms/cc. The water-in-oil emul- 
sion was composed of 2 parts saline suspension 
of organisms, 2 parts paraffin oil and one 
part G 1096 Atlas emulsifier. A booster 
injection was given at the end of the 3rd week. 
Blood samples were collected each week and 
the antibody titration carried out by means of 
the standard agglutination test. 

The results are pictured graphically in 
Fig. 1 which shows the unusual effectiveness 
of phosphorylated hesperidin as an adjuvant. 
Figures are averages for the 6 rabbits in each 
group. In view of the current interest in 
gamma globulin for passive immunization 
against poliomyelitis, and the relative short- 
ness of the period of effectiveness, it is in- 
tended to determine if the use of phospho- 
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rylated hesperidin might extend the period of 
protection now offered by gamma globulin. 

Summary. An adjuvant action of phos- 
phorylated hesperidin in the induction of the 
antibody response to typhoid vaccine has 
been demonstrated. 


1. Herdegen, M., Halbert, S. P., and Mudd, S., 
J. Immunol., 1947, v56, 357. 

2 Salk. J. Ei JA WMG A. 953, vals, L6os 

3. Beiler, J. M., and Martin, G. J., J. Biol. Chem., 
1948, v174, 31. 

4. Preston, R. K., Avakian, S., Beiler, J. M., 
Moss, J. N., and Martin, G. J., Exp. Med. Surg., 
1053; will, 1. 

5. Martin, G. J., Brendel, R., and Beiler, J. M., 
Arch. Intern. Pharm. et Therapie, im press. 

6. Beiler, J. M., Brendel, R., and Martin, G. J. 
in press. 

7. Martin, G. J., Brendel, R., and Moss, J. N., 
unpublished data. 
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Influence of Low Tryptophan Diets Containing 6-Methyltryptophan on 
7) 


Oral Infection with Poliomyelitis Virus.* 


(2062 


A. F. RASMUSSEN, JR.,t Ropert W. WEAVER, C. A. ELVEHJEM, AND Paut F. Crark. 
From the Departments of Medical Microbiology and Biochemistry, University of Wisconsin, Madison. 


A study of the relation of the nutritional 
state of the host to susceptibility to Lansing 
(Type IL) poliomyelitis in mice has estab- 
lished the fact that the development of 
Lansing infections is altered in animals suffer- 
ing from a number of nutritional deficiencies 
(1). Tryptophan deficiency is particularly 
effective in modifying poliomyelitis in mice 
(2,3) and mice may be partially pro- 
tected from Lansing virus by feeding the 
tryptophan analogue, 6-methyltryptophan (4). 
Preliminary experiments indicating that low 
tryptophan diets containing 6-methyltrypto- 
phan also exert some protective action against 
oral infection with poliomyelitis virus in mon- 
keys are described here. 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 

+ Present address: Department of Infectious Dis- 
eases, University of California Medical School, Los 
Angeles. 


Toxicity of 6-methyltryptophan. Our studies 
in mice(4,5) had shown that the greatest pro- 
tection against Lansing infections was ob- 
served in the animals fed diets containing a 
small amount of tryptophan (0.05%) and 
10 times that amount of 6-methyltryptophan. 
The tolerance of 1.2 to 2.2 kg Philippine cyno- 
molgus monkeys! for 6-methyltryptophan$ 
(6-MT) was approximated by feeding 6-MT 
in a diet consisting of: Corn grits,|| 89%; corn 
oil! (fortified with oleum percomorphum** 25 
ml/liter), 5.5%; Salts “IV” of Phillips and 
Hart(6), 4%; 1-lysine HCl, 1.0%; and DL 
methionine, 0.5%. Water soluble vitamins 


t Obtained from Okatie Farms. 

§ We are greatly indebted to Charles Pfizer and 
Co., for the 6-methyltryptophan which they gen- 
erously provided. 

|| Quaker “Hominy Grits”. 

{| Mazola. 

** Mead Johnson and Co. 
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TABLE I, Summary of Experiments Showing Influence of Diets Containing 6-Methyltrypto- 


phan (6-MT) on Susceptibility of Cynomolgus Monkeys to Oral Infection with Poliomyelitis. 
es eee ee ee ee ae LO WLU OOM CLUBS: 


Exp.1 
2% 6-MT, 0.05% tryptophan 
in corn grit basal 


Exp. 2 Exp. 3 


2% 6-MT in corn grit basal 2% 6-MT in corn grit basal 
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6-MT M-3 control 6-MT M-3 control 6-MT M-3 control 
No.* Ft Pt OZ. AS ae ANI@, 1 INOw Ea 2 No. F P Nola Laie, 
ab i) 8 Wi = 355 6 Buk 5 9 ae Xe 7\| BYR = th . Onli 67 3y allt) 
Gy 20 8 24 4 i a 8 0) AZe 6 8 oh GO) 62 Ome 
AS 10 8 Gi) 8 ay ON BOMmNO) 8 538 6 0 GA eee as 
Su i 9 Dae 7, 8 260 “0.50 41 9 10 49 0 0 63 Bk 
We 9 20 8 8 27 QF 80 Seon 1 AG (0) 59 3 0 
ORO Te 1O 18 7 9 2 0 0 AQ 7 12, 52a Ole 68 4 0 
ey yale) 22 8 9 29) 05 =O 35 0 14 Ase OMe) 66 6 0 
3 0 0§ 23 «8 9 30207 a. 0: 44 0 19 Es Or 61 0 0 
4 0 0$ ie 3 Sal BE ay <0) 39 «(0 0 ig O- @ 65 0 0 
Bye Oe @) 40 0 0 Biss = y 0) 
Total pa- 
ralysis 7 9 1 8 0 4 
* Monkey No. 


+t F — Days after first virus feeding on which fever of 103°F or higher developed. 


” 


~P— ” ” 


when paralysis appeared. 


; § Monkeys No. 3 and No. 4 resisted intracerebral challenge with 500 LD; Wisconsin ’45 
virus 6 weeks after oral inoculation, All other surviving animals developed typical poliomyelitis 


following intracerebral challenge. 


|| Monkey No. 37 was found dead on the 7th day. Examination of the brain and cord re- 
vealed typical histopathology of severe poliomyelitis. 
{ Monkey No. 57 was slow, dull and ataxic 9 days after inoculation with virus but recovered 


without developing paralysis. 


were provided as a supplement in the drink- 
ing water each morning(7). Control animals 
were fed our basal ration (M-3) containing 
18% casein(7). The addition of 2% 6-MT 
to the corn grit basal, either with 0.05-0.1% 
supplementary tryptophan or without had. no 
consistent adverse influence, as compared to 
the corn grit basal alone. Some animals lost 
weight rapidly on these rations, but so also 
did animals on the corn grit basal without 
6-MT; and occasional animals failed to thrive 
even on 18% casein. 

Subsequent nutritional observations were 
limited to those animals which also received 
virus (Exp. 1, 2 and 3, Table I) and definite 
conclusions as to the chronic toxicity of 6-MT 
cannot be drawn. It would appear that, as has 
been shown to be true in the mouse(5), 6-MT 
is not a highly active nutritional antagonist for 
tryptophan in the monkey. Several of the 
monkeys in Exp. 2 and 3 (Table I) developed 
anorexia during the last days of the experiment 
and it is thought that this may have been a 
manifestation of chronic tryptophan deficiency. 
On the other hand, it is probable that some 
animals would tolerate 2% 6-MT in the corn 


grit basal for a longer time and that concen- 
trations considerably greater than 2% could 
be fed for shorter periods. Although a general 
tendency to diarrhea was observed among all 
of the monkeys including those receiving 18% 
casein, none developed the severe dysentery 
characteristic of deficiencies of folic acid and 
other water soluble vitamins. 


Influence of 6-MT on oral infection, Philip- 
pine cynomolgus monkeys weighing from 1,200 
to 2,200 g and the Wisconsin °45 strain of 
Type I poliomyelitis virus in the form of a pool 
of 10% monkey brain-cord suspension, pre- 
pared and stored in 50 ml aliquots at —40°C, 
were employed. The monkeys were inoculated 
by offering them 20 ml of virus suspension, 
sweetened with sucrose, in their drinking cups. 
Water was withheld on the day or days virus 
was given until the virus suspension was con- 
sumed. Ordinarily, the animals drank the 
virus suspension immediately. The indicated 
amounts of 6-MT and tryptophan were added 
to the dry corn grit basal, moistened with 
water and cooked in the autoclave for 30 min- 
utes at two pounds pressure. The resulting 
ration was granular but soft and was much 
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more palatable to the monkeys than was a dry 
ration. The ration was offered in small 
amounts, about 50 g, 3 times daily. Control 
animals received the 18% casein basal(7). 


In the first experiment, a group of 9 mon- 
keys was placed on the basal ration containing 
2% 6-MT and 0.05% dl-tryptophan for 7 
days; and on the 8th, 9th, and 10th days this 
group and a control group of 9 monkeys were 
fed a total of 120 ml of 10% virus suspension 
(about 1,200,000 intracerebral LD; 9) in 6 
doses of 20 ml each. Temperatures were re- 
corded daily and the animals were observed 
for signs of disease twice daily. Three weeks 
after the first virus feeding the surviving ani- 
mals were placed on the 18% casein basal diet. 
The results are recorded in Table I. 

Exp. 2 and 3 (Table I) were similar except 
that 1) the 2% 6-MT ration was not supple- 
mented with tryptophan and 2) the monkeys 
received two feedings of 20 ml of a 1:400 
dilution (approximately 10,000 intracerebral 
LD; 9) from the same pool of Wisconsin *45 
virus on the eighth day of the experiment. The 
surviving animals of all 3 experiments were 
challenged intracerebrally with 500 LD;» Wis- 
consin *45 virus 6-9 weeks after their oral 
exposure. 

In Exp. 1, there was a suggestion of protec- 
tion against the virus in the 6-MT group, 2.e., 
incubation periods were longer, febrile prodro- 
mata less pronounced and two animals escaped 
paralytic infection. These 2 animals, No. 3 
and 4, apparently did experience an inapparent 
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infection for they resisted a large intracerebral 
challenge 9 weeks later. In the second and 
third experiments, the smaller inoculum re- 
sulted in a lower incidence of paralytic infec- 
tion in the controls, 8/10 and 4/9 respectively, 
while only one of the 20 animals receiving 
6-MT became paralyzed. The surviving ani- 
mals in the latter experiment succumbed to 
intracerebral challenge. 

Summary. These experiments are obviously 
of a preliminary nature but they do show that 
the susceptibility of a primate to poliomyelitis 
via a natural portal of entry may be altered 
and they suggest that this approach to the 
modification of susceptibility to poliomyelitis 
should be explored further. 


1. Clark, P. F., Ann. Rev. Microbiol., 1950, v4, 
343. 

2s Kearney, “EK: B;, -Rond, W-7 Ley -Plassy a Beas 
Maddy, K. H., Elvehjem, C. A., and Clark, P. F., 
J. Bact:, 1948, v55, 89. 

3. Pond, W. L., Davies, W. L., Smith, S. C., Elveh- 
jem, C. A., Rasmussen, A. F., Jr., and Clark, P. F., 
J. Bact., 1952; v64, 583. 

4, Rasmussen, AE. Jn, Glark, Pa Bay Smith ese 
and Elvehjem, C. A., Bact. Proc., 1951, 93. 

5. Smith, S. C., Rasmussen, A. F., Jr., Elvehjem, 
C. A., and Clark, P. F., to be published. 

6. Davies, W. L., Pond, W. L., Smith, S$. C., Ras- 
mussen, A. F., Jr., Elvehjem, C. A., and Clark, 
P. F., J. Bact., 1952, v64, 571. 

7. Waisman, H. A., Rasmussen, A. F., Jr., Elveh- 
jem, C; A; “and (Glark, Po BE. Jim Nutritvom et o438 
v26, 205. 
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Effect of Adrenocortical Steroids on Duration of Pentothal Anesthesia in 


Adrenalectomized Mice. 


K. SHIBATA AND A. KoMIva. 


(20628) 


(Introduced by C. A. Winter.) 


From the Department of Pharmacology, School of Medicine, Gunma University, Japan. 


It is well known that the adrenalectomized 
animal becomes less resistant to various types 
of damaging agents and more sensitive to 
various drugs, including anesthetics. And 
recently, much has been published on the 
central action of adrenocortical steroids. It 
is supposed from these that the adrenal gland 


may play an important role in anesthesia. 
The present experiment was performed to 
confirm this. 

Materials and methods. The animals used 
in this study were 60 female albino mice 
weighing about 20 g, divided into 6 groups of 
10 mice each, as shown in Table I. The 
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TABLE I. Duration of Pentothal Anesthesia in 6 Groups of Albino Mice. 


: Mean waking Index of 
Operation Treatment time (min.) waking time P (%) 
Intact - 25 1.0 
Adrex — 110 4.4 R<er OES 
2% Cortisone acetate 30 i 25<P<50 
e Hydrocortisone acetate 28 te 50<P 
es DOCA 100 4.0 1B = O55 
4 Saline 83 3.3 PIGS 


anesthetic employed was pentothal sodium 
(Ravonal Tanabe). Cortisone acetate and 
hydrocortisone acetate, both in saline suspen- 
sion (Cortone and Hydrocortone* Merck), 
and DOCA in sesame oil (Cortate Schering) 
were administered subcutaneously. The dose 
of the steroids was 0.5 mg daily for 2 days; 
0.3 mg/10 g of pentothal sodium (3 mg/ml 
in isotonic saline) was administered intra- 
peritoneally about 18 hours after the last in- 
jection of the steroids (about 48 hours after 
adrenalectomy). The anesthesia time was 
determined by Winter’s method(1) on the 
same number of animals from each group at 
one time to avoid day to day variation. By 
Snedecor’s t-test, the difference in mean anes- 
thesia time between groups was determined 
as significant if p was smaller than 5%. 
Resuits. As shown in Table I and Fig. 1, 
the mean duration of pentothal anesthesia 
in the adrenalectomized group is 4.4 times 
longer than in the intact group (p <0.5%). 
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FIG. 1. Effect of adrenocortical steroids upon the 
waking response curve of adrenalectomized mice 
treated with pentothal sodium. 
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* We thank Dr. C. A. Winter of Merck Institute, 
Rahway, N. J., for supplying us with Cortone and 
Hydrocortone. 


In the adrenalectomized groups treated with 
cortisone acetate or hydrocortisone acetate, 
anesthesia is not significantly longer than in 
the intact group—l.3 times (25% <p 
<50%) and 1.1 times (50% <p), respec- 
tively, but is significantly shorter than in the 
adrenalectomized non-treated group (0.5% 
<p <1%). The difference between the cor- 
tisone acetate and hydrocortisone acetate 
treated adrenalectomized groups is not sig- 
nificant (25% <p <50%). The anesthesia 
time of the adrenalectomized DOCA treated 
group is 4.0 times longer than that of the 
intact group (p = 0.5%), but not signifi- 
cantly different from that of the adrenalecto- 
mized non-treated group (50% <p). That 
of the adrenalectomized saline treated is 3.3 
times longer than that of the intact (p 
<0.5%), but not significantly different from 
that of the adrenalectomized non-treated 
(25% <p <50%). 


Discussion. Prolongation of the duration 
of pentothal anesthesia in adrenalectomized 
mice is considered to have been caused mainly 
by the deficiency of glucocorticoids, because 
the anesthesia time almost returned to the 
normal level when the animals were treated 
with cortisone acetate or hydrocortisone ace- 
tate, but not with DOCA. 


Winter(2) reported that cortisone but not 
DOCA antagonizes the effect of hexobarbital 
(Evipal) in normal mice. By the present 
experiment, it is shown that these steroids 
act in the same manner upon the effect of 
pentothal sodium in adrenalectomized mice. 

Testing the effect of adrenocortical steroids 
on the electro-shock seizure threshold (EST) 
of rats, 'Woodbury(3) demonstrated that 
cortisone acetate was more potent in central 
stimulating action than hydrocortisone ace- 


tate. In the present experiment, however, no 
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significant difference was found between 
these 2 steroids at the dose levels employed. 
Further, Woodbury(4) has shown that 
chronic administration of diphenylhydantoin 
or phenobarbital with DOCA pellets caused 
an increase in the EST greater than the sum 
of the increases produced by the 2 drugs given 
separately. And so, it might be expected 
that treatment with DOCA would also pro- 
long the anesthesia time in adrenalectomized 
mice. However, such an effect was not 
demonstrated. 


Summary. The effects of the administra- 
tion of cortisone acetate, hydrocortisone ace- 
tate and DOCA on the duration of pentothal 


Sulfate Fixation by Embryonic Chick Lung in Tissue Culture.* 


Marion JONEs AND H. W. GERARDE.t+ 


_of pentothal anesthesia. 


SULFATE FIXATION IN TISSUE CULTURE 


anesthesia in adrenalectomized female mice 
were ascertained. Adrenalectomy induced a 
highly significant prolongation in the duration 
Pretreatment of 
cortisone acetate and hydrocortisone acetate 
returned the anesthesia time to normal level 
in adrenalectomized mice, while DOCA and 
saline had no effect. 


1. Winter, C. A., J. Pharm. and Exp. Therap., 
1948, v94, 7. 

2. Winter, C. A., and Flataker, L., ibid. 1952, 
v105, 358. 

3. Woodbury, D. M., ibid., 1952, v105, 27. 

4 ——=—— 4bid., 19525) vil05,)-46, 
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(Introduced by J. R. Porter.) 


From the Departments of Bacteriology and Biochemistry, College of Medicine, State University 
of Iowa, Iowa City. 


The authors have studied the synthesis of 
protein, nucleic acid, and collagen in chick 
embryonic tissue by a quantitative roller tube 
method(1-3). In view of the relationship of 
chondroitin to collagen, it was considered 
worth while to study the uptake of S®°-labeled 
sulfate under these conditions. Layton(4-7) 
has found a high rate of sulfate fixation after 
45 hours’ incubation with embryonic chick 
heart, skeletal muscle, liver, and bone in 
Tyrode’s solution containing labeled sulfate. 
He suggested that the labeled sulfate was 
bound in the chondroitin sulfate of the con- 
nective tissue ground substance; cortisone 
added to the medium inhibited sulfate fixation 
by heart and skeletal muscle. 


* Aided in part by a grant from the Central 
Scientific Fund of the College of Medicine of the 
State University of Iowa. Presented in part at the 
meeting of the Tissue Culture Assn. at Columbus, 
Mar. 1953. 

t Postdoctoral Fellow of the American Cancer 
Society, recommended by the Committee on Growth 
of the National Research Council. 

¢ Present. address: Medical Research Division, 
Standard Oil Development Co., Linden, N. J. 


Methods. Roller tube cultures of 15-day 
chick lung were prepared as previously de- 
scribed(1) using 20-40 mg of tissue per tube. 
Tyrode’s solution and 25% chick embryo ex- 
tract were used as media. The medium was 
changed 3 times weekly, and incubation of 
the cultures were continued in embryo extract 
for as long as 6 weeks at 37°C. At the ter- 
mination of incubation, the medium was 
poured off, the tissue was washed with water, 
and the tissue fragments were rubbed from 
the walls of the tubes in 5% trichloroacetic 
acid. The contents of 4-5 tubes were pooled, 
dehydrated, and delipidized. Details of the 
procedures have been described previously 
(1). In order to determine the incorporation 
of labeled sulfate into the tissue, sulfates was 
added to the nutrient medium in quantities of 
0.002 millicuries per ml of medium. Uptake 
of the labeled sulfate was recorded as counts 
per minute per milligramll of the lipid-free 


§ The radioactive sulfate used in this investigation 
was supplied by the Oak Ridge National Laboratory 
on allocation by the U. S. Atomic Energy Commis- 
sion. 
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FIG. 1. Incorporation of S*-labeled sulfate into 
protein of lung cultures in 25% embryo extract 
and in Tyrode’s solution. 
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FIG. 2. Incorporation of S*-labeled sulfate into 

protein of lung cultivated in 25% embryo extract 

for varying times prior to addition of the labeled 

sulfate. Incubation in presence of labeled sulfate 
continued for 2 days. 


dry tissue; corrections for decay and self- 
absorption were made. 

Results. Fig. 1 presents data showing the 
incorporation of radioactive sulfate into lung 
tissue cultivated in 25% embryo extract and 
in Tyrode’s solution. An initial rapid uptake 
is followed after 8 days by a slower rate of 
incorporation in both media. 

Tissues incubated in embryo extract at 
4°C did not take up the S*°. There was no 
incorporation of the sulfate in lung cultivated 
in media containing 0.0005 m dinitrophenol, 
0.005 m fluoride, 0.001 m cyanide, or 0.001 
M azide, all of which inhibited proliferation of 
the tissue. There was no uptake of the sul- 
fate in embryo extract or in plasma protein 
at either 37°C or 4°C in the absence of tissue. 


|| The authors wish to express appreciation to the 
Department of Physiology for the use of the Geiger- 
Miller counter. 
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The incorporation of sulfate into cultivated 
lung tissue of varying ages is shown in Fig. 2. 
Roller tube cultures of lung were grown in 
25% embryo extract for varying times up to 
42 days; medium containing labeled sulfate 
was added for the final 2 days of cultivation 
only. After 2 weeks the uptake of sulfate 
decreased very rapidly, bearing out previous 
observations(2,3) that the numbers of active 
cells decrease after a 2-week period, while 
there is a concomitant increase of extracellular 
protein. 


The addition of 50°ng/ml of cortisone ace- 
tatel to the embryo extract medium did not 
change appreciably the incorporation of sul- 
fate into the tissue (Fig. 3), even though a 
slight inhibition of the proliferation of the 
tissue fragments occurred for a 2-day period 
initially. The use of tissue from cortisone- 
treated embryos(3) presented similar results 
when cultivated in a medium containing cor- 
tisone, although here the initial inhibition of 
growth was prolonged to 8-10 days. 

Summary. Chick embryonic lung tissue 
cultivated in vitro in the presence of sulfate 
labeled with S*° fixed sulfate in the protein 
of the tissue. Lung tissue which was not pro- 
liferating did not incorporate sulfate. Cul- 
tures of lung older than 2 weeks had a greatly 
reduced ability to fix sulfate. The presence 
of cortisone in the medium did not alter the 
incorporation of sulfate into the tissue. 
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FIG. 3. Incorporation of S*-labeled sulfate into 

normal and cortisone-treated lung cultivated in 

presence of cortisone acetate (50 wg per ml of the 
medium). 
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Beneficial Effects of Cortisone on Survival of Rats Infected with 


D. pneumoniae. 


(20630) 


Harry J. Ropinson, RicHarp C. Mason, AND AMELIA L. SMITH. 
From the Merck Institute for Therapeutic Research, Rahway, N. J. 


It has been reported that acute bacterial 
infections result in adrenal enlargement sug- 
gestive of increased cortical function(1). It 
has also been demonstrated that adrenalecto- 
my causes an increased sensitivity to a wide 
variety of stresses including that of acute in- 
fection(2). A number of investigators have 
shown that adrenalcortical extracts and 11- 
oxygenated steroids can restore the resistance 
of adrenalectomized animals to non-specific 
stress. Only a few reports, however, are avail- 
able to indicate that cortical hormones can 
counteract the stress of acute bacterial infec- 
tions either in adrenalectomized or intact ani- 
mals(3,4). All previous evidence, on the con- 
trary, suggests that massive doses of cortisone 
lower the resistance of both adrenalectomized 
and intact animals to infection(5-8). The 
data presented in this paper demonstrate that 
there is an optimal dose of cortisone which can 
enhance the resistance and survival of both 
adrenalectomized and intact rats infected with 
Diplococcus pneumoniae. 

Methods and material. The rats used in 
this study were the MS-2 strain obtained from 
Manor Farms, Staatsburg, N. Y. They were 
fed a standard mixed natural food diet ad 
libitum and were housed in an air-conditioned 
animal room. The animals were infected in- 
tradermally with 0.1 cc of a 1 x 10% or 1 x 
10% dilution of a 6 hour culture of D. pneu- 
moniae, Type I. Each injection contained 
approximately 17 to 250 organisms as. de- 
termined by plate counts on 5% blood in 
brain-heart agar. Blood samples for bac- 
teremia studies were obtained either by a 


direct heart puncture or from tail blood col- 
lected in a pipette. Adrenalectomized animals 
were operated at least 5 days prior to infection 
and were maintained on 1.0% saline. Corti- 
sone acetate (Cortone Merck) was adminis- 
tered subcutaneously as a micro-crystalline 
suspension in a single daily dose. The hor- 
mone injections were initiated 5 days before 
infection and the animals were treated and 
observed for a 10-day period following the in- 
fection. A total of 545 animals were used in 
this study of which 90 were adrenalectomized 
controls, 195 adrenalectomized treated, 115 
intact controls, and 145 intact treated. 


Results. It can be seen from Fig. 1 that 
adrenalectomy markedly decreased the sur- 
vival rate of rats infected with D. pneumoniae. 
Cortisone, in doses ranging from 2.5 to 5.0 
mg/rat/day, significantly increased the sur- 
vival of both the adrenalectomized rats and 
the rats with intact adrenals. Maximal sur- 
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FIG. 1. Effect of Varied Doses of Cortisone on 
Survival of Rats Infected with D. pnewmoniae. 
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TABLE I. Blood Culture Studies of Rats Receiving Cortisone 48 Hours Post Infection. 


“No. of 


Mean No. of pneumococci per ce of blood ——_,, 


Daily dose No. of 
(mg) animals Adrenalectomized animals Intact 
0 40 14200+ 3000* 59 9200 + 4000 
2.5 39 1100 + 650 25 1600 + 1100 
15.0 19 240000 + 155240 15 102500 + 27821 


* Stand. error. 


vival occurred in both groups at the 2.5 mg 
dosage level. The resistance of adrenalecto- 
mized and intact rats was reduced when 
cortisone was given in doses of 10-20 mg/rat/ 
day and the animals died with overwhelming 
pneumococcal sepsis. Blood culture studies 
revealed that the bacteremia was minimal at 
the 2.5 mg level in both the adrenalectomized 
and intact control groups (Table I). 
Discussion. It is clear from the present 
study that under certain conditions, cortisone 
may significantly enhance host resistance to 
infection in both intact and adrenalectomized 
rats. The manner in which cortisone increases 
the resistance of the rat to infection is not 
known at present. However, several observa- 
tions are of interest in speculating about the 
mechanisms concerned with the _ beneficial 
effects of intermediate doses of cortisone. First, 
the adrenal glands enlarge during infection and 
secrete increased amounts of adrenal cortical 
hormones, as judged by the fall in circulating 
eosinophiles, thymic atrophy, and the reduc- 
tion of adrenal ascorbic acid and cholesterol. 
This response is presumed to be an attempt on 
the part of the host to counteract the stress of 
acute infection. The question arises as to 
whether or not the adrenal cortices are able 
to secrete sufficient quantities of hormone to 
meet the requirement of the host during 
severe infections. If not, perhaps additional 
amounts of hormone would aid in maintaining 
the defense mechanism at maximal efficiency. 

This view is supported by the results of the 
survival and blood culture studies reported 
in the present paper which show a maximal 
survival and minimal bacteremia at the opti- 
mal cortisone level of 2.5 mg/rat. 

- A second fact which may be of interest in 
regard to the possible mechanism of action in 
cortisone on infection is the ability of the 
hormone and the adrenal cortical extracts to 
increase the phagocytosis of particulate matter 


by the fixed histiocytes of the reticulo-endo- 
thelial system(9-11). It should be empha- 
sized, however, that these reports have dealt 
with the phagocytosis of thorium dioxide, 
India ink, and carboxy cellulose. Their rela- 
tionship to our studies with pneumococci is at 
present only speculative. 

A third factor of possible significance is the 
action of cortisone in counteracting the effects 
of certain toxins. Cortisone has been reported 
to produce a sense of well-being in patients 
critically ill with pneumococcal pneumonia 
(12) and in animals to counteract the lethal 
effect of toxins and pyrogens(13,14). Thus, 
doses of cortisone sufficient to offset partially 
or completely the toxemia associated with the 
infection, but not great enough to suppress 
the inflammatory reaction or other important 
defense mechanisms, may be an important 
factor in enhancing the survival of animals 
suffering from acute bacterial infection. This 
would seem to be of particular importance in 
view of the marked susceptibility of adrenal- 
ectomized animals to toxins and noxious agents 
in general. It may also play an equally sig- 
nificant role in animals with intact adrenals. 

It should be emphasized that at present 
there is no method available for determining 
the optimal requirement of cortisone in any 
given infection or stress. It is apparent that 
the optimal dose will vary with numerous fac- 
tors including the animal species, the infec- 
tious agent, the pathology of the lesion, and 
the duration of the stress. A dose of 2.5 mg 
of cortisone may be ‘“‘pharmacological” when 
administered to a normal, noninfected rat 
while the same dose may be within the “physio- 
logical” range when given to an infected ani- 
mal. 

Summary. The data demonstrate that corti- 
sone in the dosage range of 2.5-5.0 mg/day 
can enhance the survival of intact and adrenal- 
ectomized rats subjected to the stress of ex- 
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perimental pneumococcal infection. The re- 
sults of bacteremia studies suggest that opti- 
mal doses of cortisone operate by enhancing 
host resistance to the infectious agent. On the 
other hand, doses larger than 5 mg per rat per 
day lower the resistance cf rats to this infec- 
tion. Hence, in cortisone therapy, as in the 
case with certain other hormones, optimum 
dosage is important and this may vary with 
different conditions. 
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The production of a purified and concen- 
trated preparation of human anti-hemophilic 
factor (AHF) has been hampered by the 
marked instability of this substance. Such 
rapid deterioration of plasma AHF occurs 
with storage either at room or refrigerator 
temperature, that more than half the activity 
may be lost within 24 hours. Moreover, AHF 
is largely destroyed in the process of plasma 
fractionation. Cohn’s fraction I is the most 
potent plasma derivative presently available; 
yet various lots of this preparation contain 
only 8-35% of the anti-hemophilic activity 
represented in fresh normal plasma(1). 

Although some success has been reported in 
the stabilization of human AHF(2), another 
approach would be the preparation of an in- 
trinsically stable AHF derived from animal 
sources. Bovine plasma is known to possess 
anti-hemophilic activity, and potent fractions 
have been prepared from it(3). Ac globulin, 
which is unstable in human blood is stable in 
bovine blood(4). Accordingly, it was hoped 


that the AHF of bovine plasma might show a 
stability corresponding to that of the bovine 
Ac globulin. This has proved to be the case. 

Methods and materials. Collection of blood. 
All blood specimens were collected in un- 
treated glass containers. One part of 0.1 
molar potassium oxalate to 9 parts of blood 
served as the anticoagulant. Beef, hog, and 
sheep blood were obtained from freshly 
slaughtered animals. The plasma was sep- 
arated within several hours of collection, and 
was stored in deep freeze until ready for use. 
Unless otherwise indicated, the AHF content 
of human plasma was tested within one hour 
of blood collection. Prothrombin was deter- 
mined by the method of Ware and Strag- 
nell(5) with slight modifications in the case 
of serum specimens as previously described 
(6). Thrombin evolution was determined in 
recalcified plasma according to the technic of 
Pitney and Dacie(7). Assay of AHF was 
accomplished in vitro by testing the ability of 
the unknown specimen to induce prothrombin 
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consumption in the blood of severe, estab- 
lished hemophiliacs who had received no 
blood or plasma therapy for at least 2 months 
prior to testing. The details of this method 
have been published by Spaet and associates 
(6). In brief, 0.1 cc of the appropriately 
diluted specimens to be tested was added to 
2 cc of hemophilic whole blood, and serum 
prothrombin content of the resulting mixture 
determined 4 hours after clotting. Serial 
dilutions of each blood or fraction were used, 
and AHF activity was estimated according to 
the concentration required to elicit 50% pro- 
thrombin consumption in the abnormal blood. 
In no case was any prothrombin consumption 
demonstrable when 0.1 cc of saline was 
added to the hemophilic blood, nor was the 
serum prothrombin ever lower than that of 
the respective plasma. Cohn’s fraction I of 
bovine origin was kindly provided by the 
Cutter Laboratories, Berkeley, Calif. “Acid 
globulin” was precipitated from plasma by 
the technic of Ratnoff and Conley(8). “AHF 
fraction” was prepared in the following man- 
ner: Bovine fraction I was dissolved in iso- 
tonic saline so that the volume was equal to 
that of the original plasma from which it had 
been derived. This solution was brought to a 
temperature of 56°C and maintained at this 
temperature for 5 minutes to precipitate the 
fibrinogen. The precipitate was removed by 
centrifugation and the supernatant solution 
was absorbed with freshly prepared barium 
sulfate. Eight tenths moles of barium sulfate 
were used for each 100 cc of solution, and ab- 
sorption was allowed to proceed for 30 min- 
utes at a temperature of 37°C. The barium 
sulfate was removed by centrifugation, and 
Seitz filtration. The supernatant fluid was 
then diluted with 19 volumes of distilled 
water. This mixture was acidified to a pH of 
5.4 with 1% acetic acid, as determined by 
testing in a Beckman pH meter, thus precipi- 
tating the active fraction. The precipitate 
was collected by centrifugation. This ma- 
terial is designated “AHF fraction,” and will 
be thus referred to in the subsequent discus- 
sion. The precipitate. was stored in deep 
freeze in its unmodified form, as solutions 
were found to be denatured by freezing. 
When ready for use AHF fraction was dis- 
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FIG. 1. Loss of AHF activity in human plasma at 

room temperature. A 2% concentration of plasma 
was added to hemophilic blood. 


solved in isotonic saline buffered with one 
part in 10 of 1/15th molar phosphate buffer 
of pH 7.4. In general, solutions of AHF 
fraction were made up so that they repre- 
sented the original volume of bovine plasma 
from which they had been derived. lectro- 
phoretic patterns of plasmas and their deriva- 
tives were obtained on filter paper by a modi- 
fication of the method described by Kunkel 
and Tiselius(9). 

Results. Stability studies. Normal human 
blood was collected from a single donor at 
intervals as indicated in Fig. 1. The blood 
samples were each divided into 2 aliquots, one 
of which was stored at 20°C and the other 
at 4°C. These blood samples, representing 
various periods of storage, were simultane- 
ously tested for their ability to restore pro- 
thrombin consumption to the blood of a 
known hemophiliac, which had been collected 
in a single syringe. Fig. 1 shows the de- 
terioration of AHF activity in stored human 
blood. It can be seen that there was loss of 
more than half the activity in 24 hours, and 
that significant changes were to be found 
within 4 hours. In the case of this donor, 
the refrigerated specimens showed essentially . 
an identical pattern of AHF loss, although 
other investigators have reported improved 
stability in the cold(10). In contrast, beef, 
hog, and sheep plasma showed no loss of AHF 
activity after 24 hours of storage at either 
20°C or 4°C. Table I shows the AHF con- 
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TABLE I. AHF Activity of Human and Animal 
Plasmas in Hemophilie Blood. 


Cone. producing Protein 
50% prothrombin content 
Plasma consumption (% ) (g/100 ec) 
Fresh human i 6.8 
Bovine 5 6.2 
Sheep 4 5.8 
Hog 2 6.0 
TABLE IT. AHF Activity of Plasma Fractions 
in Hemophilie Blood. 
Cone. pro- 
ducing 50% 
prothrombin Protein 
consumption content 
Fraction (%) (g/100 ce) 
Human fraction I (Cutter) 10 4 
i is ” (Squibb) 7 4 
y he ” (Mich. State 8 4 
Health Dept.) 
Human acid globulin 2 8 
Bovine ” 4 il 2) 
ame eenactionel 1 4 
” AHF fraction 1 all 


tent in the various types of plasma studied. 
None of the human or animal sera had any 
appreciable AHF activity. 

Fractionation. Table II shows the AHF 


FIG, 2. Paper electrophoretic patterns of bovine plasma fractions. 
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activity of different plasma fractions. Three 
lots of human fraction I were assayed, each 
having been produced by a different manu- 
facturer. None of these had more than 15% 
of the activity of fresh plasma, when consid- 
ered on the basis of reconstitution to the 
original volume of plasma represented. On 
the other hand, bovine fraction I had about 
half the activity of the original plasma. A 
similar trend was seen in the acid globulin 
fractions of the various species tested. Prep- 
arations of beef, hog, and sheep plasmas had 
significantly more activity than that of human 
origin. The yield of AHF activity in the 
acid globulin derived from bovine fraction I 
(AHF fraction) was almost quantitative, de- 
spite a considerable reduction in the protein 
content of this preparation. A further check 
on the thromboplastic activity of this prepara- 
tion was accomplished by means of the throm- 
bin evolution test. Small amounts of beef 
AHF fraction were added to hemophilic 
plasma, and improvement of thrombin evolu- 
tion following recalcification was compared 
to that produced by fresh human plasma. 
Reconstituted to the original volume of 
plasma from which it had been derived, the 
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(A) whole plasma; (B) 


heated fraction I; (C) heated acid globulin; (D) AHF fraction (concentrated 5-fold). 
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beef AHF fraction was as active as whole 
human plasma. This finding indicates that 
the improved prothrombin consumption in- 
duced by beef AHF fraction is a true im- 
provement of clotting, and not a nonspecific 
action resulting in Joss of prothrombin. Fig. 
2 shows the paper electrophoretic patterns of 
the various bovine fractions. Both fraction I 
and acid globulin were mixtures of a2 and B 
globulins. AHF fraction was virtually pure 
82 globulin. It is evident that AHF fraction 
represents a considerable gain in both AHF 
activity per mg of protein, and purity as com- 
pared to previous preparations. 

Beef AHF fraction contained no demonstra- 
ble fibrinogen, as tested by the addition of 
purified thrombin (Parke Davis). Neither was 
there any demonstrable prothrombin, or pro- 
convertin (method of Owren and Aas) (11). 
Traces of labile factor activity were found, 
tested by the method of Quick(12). PTC 
activity(13) was kindly assayed by Dr. Paul 
M. Aggeler. Although beef AHF fraction was 
able to shorten the clotting time of PTC- 
deficient blood, 25 fold concentrations did not 
elicit any improvement in prothrombin con- 
sumption. In the precipitated form, beef 
AHF fraction was stable for at least 3 months 
in deep freeze; but freezing solutions of the 
material caused precipitation of the protein 
with complete loss of AHF activity. 

Summary. The anti-hemophilic factor 
(AHF) of human plasma is unstable to stor- 
age, and shows great loss with attempts at 
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fractionation. Bovine AHF is stable to stor- 
age, and protein fractions can be obtained 
which show a good yield of AHF. Beef “AHF 
fraction” was prepared as an almost pure Be 
globulin, and had about 70 times the AHF 
activity of fresh human plasma per mg of 
protein. 


1. Alexander, B., and Landwehr, G., J. Clin. Invest., 
1948, v27, 98. 

2. Marotta, R. C., Tropeano, L., and Postiglione, 
F., Boll. Soc. Ital. Biol. Sper., 1950, v26, 1392. 

5) Pohle EJ. and Daylor, Ps EL ly Jee Clan. 
Invest., 1938, v17, 677. 

4. Seegers, W. H., Blood Clotting and Allied Prob- 
lems, Trans. 5th Conf. 1952, Josiah Macy Jr. Foun- 
dation, New York, p145. 

5. Ware, A. G., and Stragnell, R., Am. 
Path., 1952, v22, 791. 

6. Spaet, T. H., Kinsell, B., Aggeler, P. M., and 
Behring, H., Stanford Med. Bull., 1953, v11, 118. 

7. Pitney, W. R., and Dacie, J. V., J. Clin. Path., 
1953, v6, 9. 

8. Ratnoff, O..D., and Conley, C. 
Hopkins Hosp., 1951, v89, 245. 

9. Kunkel, H. G., and Tiselius, A., J. Gen. Physiol., 
1951, v35, 89. 

10. Alexander, B., J. Clin. Invest., 1947, v26, 1173. 

11. Owren, P. A., and Aas, K., Scandinav. J. Clin. 
Lab. Invest., 1951, et 201. 

12. Quick, A. J., The physiology and eile ai 
hemostasis, 1951, Lea and Febiger, Philadelphia, 
p138. 

13. White, S. G., Aggeler, P. M., and Glendening, 
M. B., Blood, 1953, v8, 101. ae 


Received September 14, 1953. P.S.E.B.M., 


J. Clin. 


Ls, Bull wwe 


1953; v84. 


(20632) 


ALFRED POLSON AND PETRONELL WESSELS. 


From the Virus Research Unit, Department of Pathology, University of Cape Town, and 


Union Health 


A study of the size and the antigenicity of 
the complement fixing “soluble antigens” of 
viruses may throw considerable light on virus 
structure. Recently Hoyle, Reed and Astbury 
(1) have shown that influenza virus can be 
broken down by ether treatment into comple- 
ment-fixing and haemagglutinating particles. 
They obtained pure preparations from allan- 


Laboratories, 


Cape Town. 


toic fluid and by electronmicroscopy estimated 
the particle diameter to be 12 muy. 

We have obtained the soluble antigen of 
rabies virus from infected suckling mouse 
brains. The particle size could not be deter- 
mined in the Spinco preparative ultracentri- 
fuge using the angle head (Polson and Linder 
(2)) because the amount of sedimentation 
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during 2 hours at 30000 rpm was insufficient. 
We therefore used a technic of diffusion 
coupled with biological assay. 

Method. For determination of the diffusion 
constants of pure substances which can be 
obtained in relatively large amounts the con- 
ventional optical method of Lamm is most 
suitable. When substances are difficult to 
purify a more satisfactory method is to in- 
vestigate their diffusion constants by quanti- 
tative evaluation of their biological activities. 
A very useful diffusion technic for such meas- 
urements is that described by Polson(3,4). 
The diffusion apparatus consists of 6 multi- 
chambered diffusion cells clamped to a base 
provided with levelling screws. Sharp inter- 
faces between medium and solution were 
formed by filling adjacent cells with medium 
and solution and rotating the upper section 
of the cells until the liquid in the segment 
above came into apposition with that in the 
segment below. This was done by watching 
the index lines on the proximal and distal sides 
of the cells. The diffusion experiments were 
conducted in a water thermostat kept at 20°C. 
After suitable intervals the material that dif- 
fused past the initial boundary was isolated 
from that in the distal portion by rotating the 
upper sections to their cut-off positions. The 
activities of the diffusates and original solu- 
tion were determined by their. appropriate 
methods. 

The results of activity determinations of the 
diffusates are presented graphically by plot- 
ting the ratios of concentration in the dif- 
fusates C to that in the original solution C, 
against the square root of t, the time in hours. 
It is a necessary requirement from the laws of 
diffusion that C/C, should be a linear function 
of Vt. 

The diffusion constants were calculated from 
these data using the equation 


C\? Hp 
p=(— 
O; itens 


Where H is the height of the column of liquid 
above the original boundary, regarding the 
chambers in the diffusion cells as cylinders. 
The value of H in the present experiments has 
been 3 cm. Estimation of C,: Since C, enters 
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into equation 1 as the second power it is of the 
utmost importance to have a value for C, that 
differs as little as possible from the real value. 
To obtain a value for the activity that proxi- 
mates the true figure, activity estimations were 
made on the original solution diluted initially 
to different degrees. The activities thus de- 
termined are then multiplied by the dilution 
factor and the average value of the different 
determinations then represents Cy. 
Experimental. Material. The Flury strain 
of rabies was adapted to 3- to 4-day-old suck- 
ling mice and carried through 20 generations. 
The mouse infectivity titre LDs 9 of a 10% 
emulsion in rabbit serum saline of different 
batches of infected brain material varied be- 
tween 9 and 10 if the titrations were made 
on freshly harvested material. The comple- 
ment fixing titre varied between 1/512 and 
1/1024. For diffusion measurements 15 in- 
fected baby mouse brains were emulsified in 
30 cc saline containing 10% inactivated rab- 
bit serum and spun for 60 minutes at 2500 
rpm in a refrigerated centrifuge. The super- 
natant fluid was dialysed against a large vol- 
ume of M/15 phosphate buffer pH 8.2 for 48 
hours in the cold. The brain extract was next 
spun for 60 minutes at 30000 rpm in the No. 


TABLE I. C.F. Titres of the Diffusates Obtained 
from the Different Diffusion Cells. 


Time of 

diffusion 
Cell in hr C.F. titre Avg 
A 1 1/o 1/, 
B 13 1/4-1/¢ 1/6 
C 20 1/g-1/46 1/y5 
D 36 1/16 1/16 
E 61 1/16-1/32 V/o4 
Ay 84 1/1¢-1/39 1/o4 


TABLE II. Results of Titrations of Varying Dilu- 
tions of the Original Solution. 


Dilution Titre Titre/Dilution 

1 1/394 1/394 

1.33 1/o56 1/341 

1.50 " ioe) 

: 1/96 1/988 

5 a a 

: F ge 

; i 1/576 
1/394 


Avg T/444 ee C, — 411 
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FIG. 1. Ratios of concentration of soluble antigen 

in diffusates to those in the original solution 

plotted against the square root of diffusion time 
in hours. 


40 rotor of the Spinco preparative ultracentri- 
fuge to remove all infective virus particles as 
well as any free lipoid or suspended brain ma- 
terial. Experiments with such extracts spun 
at different rotor velocities showed that after 
removal of the infective virus particles there 
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was little further reduction in C.F. titre. The 
virus free supernatant fluid and the buffer 
were deaerated in a vacuum before placed in 
the diffusion cells. 

Results. The results of one of the diffusion 
experiments are given in Tables I and II. 
These are titrations of the diffusates after dif- 
ferent periods of diffusion and titrations of the 
original material diluted to different degrees 
respectively. 

In Fig. 1 the ratios C/C, from three differ- 
ent experiments are plotted against Vt where 
t is the time of diffusion in hours. It is quite 
evident that C/C, is a linear function of Yt 
and that the straight line so obtained passes 
through the origin. The diffusion constant 
calculated from this line is 2.7 x 107 cm?/sec. 

Particle size of the C.F. antigen of rabies. 
Particle size calculations from the well known 
equation of Einstein 


ley il 


2 4 


FIG. 2. 
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Curve showing the relationship between diffusion constant and particle radius as cal- 


culated from the molecular weights of the globular proteins.. - 
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where R is the gas constant, T the absolute 
temperature, N Avogadro’s number, r_ the 
radius of the particle and 7 the viscosity of the 
medium. This gives the diameter of the 
hydrated particle which will be appreciably 
higher than the unhydrated particle. To bring 
the size, as calculated from diffusion measure- 
ments, in line with that measured from elec- 
tronmicrographs of the C.F. antigen of in- 
fluenza the diffusion constant of the rabies 
C.F. antigen was interpolated into a curve 
relating the diffusion constants with par- 
ticle radii. These are calculated from the 
molecular weights of the different proteins in 
their dehydrated states (Polson)(5). This 
curve is shown in Fig. 2. When the diffusion 
constant of the C.F. antigen of rabies is inter- 
_ polated into this curve a particle radius of 
6.2 x 10“ cm is obtained. This gives a value 
for the diameter of the particle of 12.4 muy. 

Ultracentrifugation of the rabies soluble 
antigen. From ultracentrifugation experiments 
in which the swinging bucket type of rotor 
of the Spinco ultracentrifuge was used a 
sedimentation constant of approximately 25 
Svedberg units was found. This value corres- 
ponded very well with that calculated for a 
protein particle of 12 mp diameter. These 
centrifugation experiments, however, cannot 
be regarded as final as it was difficult to main- 
tain a constant rotor temperature at velocities 
>30,000 rpm, and the calculations of the 
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sedimentation constant had to be made on runs 
at lower speeds where only small boundary 
displacements took place, but during which 
the rotor temperature remained constant at 
(ce: 

Summary. 1. A particle size of 12 mp has 
been determined by a method of diffusion 
coupled with biological assay for the soluble 
antigen of rabies extracted from infected suck- 
ling mouse brains. This value agrees with 
that calculated from the approximate sedi- 
mentation constant calculated from the sedi- 
mentation rate in the swinging bucket rotor of 
the Spinco ultracentrifuge. 2. No conclusions 
regarding the homogeneity of the soluble anti- 
gen can be drawn at this stage. 
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this work. 
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Survival of Dogs with Bilateral Phrenectomy and Extensive Transection of 


Intercostal Nerves. 
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Donatp Duncan, H. A. Hottman, AND T. H. Barnetr. 


From the Department of Anatomy, University of Texas Medical Branch, Galveston. 


According to Brown and Satinsky(1) dogs 
invariably die after destruction of both phrenic 
nerves. Partly on this basis they claimed 
functional restoration of the diaphragm by 
uniting the vagus in the thorax with the distal 
end of a severed phrenic nerve. After a suit- 
able interval following such an anastomosis, 
dogs tolerated section of the remaining phrenic 
nerve and fluoroscopic studies seemed to indi- 
cate that the vago-phrenic anastomosis was 


responsible for rhythmic contraction of the 
diaphragm. On the other hand, there are 
numerous reports antedating that of Brown 
and Satinsky claiming a high degree of toler- 
ance to section of both phrenic nerves in man 
and other mammals, including the dog. Bi- 
lateral phrenectomy in man without untoward 
results has been reported by Greene(2), Angle 
(3), Campbell(4), and according to Lemon 
(5) by many others. The effects of destroy- 
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ing both phrenic nerves have been studied in 
the rabbit, dog, goat, horse and monkey by 
Hare and Martin(6); in the dog by Lemon 
(7), Jappeli(8), and Feldman and Morrison 
(9). All of these authors agree that animals 
so treated survive the procedure without 
marked respiratory distress, provided they are 
not very young. Hare and Martin found that 
young rabbits die when both phrenic nerves are 
cut, and similar results were reported for kit- 
tens by Coombs and Pike(10). However, 
Coombs and Pike also found that mature cats 
tolerate the procedure very well. According 
to Lemon(7) not only will dogs tolerate bi- 
lateral phrenectomy but section of most of the 
intercostal nerves in addition. 

Although the earlier reports seem convinc- 
ing, the experience of Brown and Satinsky led 
us to do a series of bilateral phrenectomies in 
dogs. Since it was soon apparent that dogs 


do survive section of both phrenic nerves, the: 


work was extended to determine the effects of 
still further reduction in respiratory muscula- 
ture. 

Methods. Eight grown but young dogs were 
subjected to section of both phrenic nerves 
under nembutal anesthesia and with aseptic 
precautions. In 6 animals the phrenic nerves 
were severed in the neck, and in 2 these nerves 
were cut 1 cm above the diaphragm. After 
some days or weeks several of the dogs were 
subjected to further reduction in the number 
of active respiratory muscles by cutting inter- 
costal nerves, and in one instance by removal 
of possible accessory muscles and spinal cord 
transection. When finally sacrificed, the chest 
was opened in each case and the phrenic nerve 
remnants were strongly stimulated with induc- 
tion shocks. Following stimulation, a portion 
of each nerve was taken distal to the point 
of original section and placed in 1% osmic 
acid. The osmicated pieces of nerve were 
examined microscopically for any signs of in- 
tact fibers in carefully teased preparations. 

Results. All dogs, except the first which 
was lost during the operation, survived bi- 
lateral phrenectomy without difficulty. Imme- 
diately after section of the second phrenic 
nerve, each dog exhibited a pronounced in- 
crease in costal movements. This increase be- 
came progressively less noticeable during the 
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first week and did not change appreciably 
thereafter. 

The first dog to be sacrificed, Dog 2, had 
lived uneventfully for 5 weeks following cut- 
ting the phrenic nerves. The’ animal was 
anesthetized and then subjected to the follow- 
ing in succession: transection of the spinal 
cord between the 10th and 11th thoracic 
arches, ligature of the axillary vessels and sec- 
tion of the roots of the brachial plexus, section 
of the long thoracic nerve, transection of the 
scalene and infrahyoid muscles, cutting of all 
but the upper 2 intercostal nerves near their 
origins on the right side, cutting all but the 
upper 4 intercostal nerves on the left side. 
While working on the left fourth intercostal 
nerve the pleura was punctured and the dog 
expired after a few gasping movements. Until 
the pleura was inadvertently opened this ani- 
mal was breathing heavily with the remaining 
intercostal muscles but showing no signs of 
respiratory distress. Since this experiment 
indicated an enormous reserve of respiratory 
musculature in phrenectomized dogs, the other 
animals were subjected to different types of 
reduction in their intercostal musculature 
and permitted to live. It was established that 
a phrenectomized dog will live after either the 
upper or the lower 6 intercostal nerves have 
been severed bilaterally, when all intercostal 
nerves are cut along the mid-axillary line, and 
when only the 3 upper pairs remain. One dog 
lived for 4 hours with only the lower 6 inter- 
costal nerves of one side intact. 

Complete phrenic section was confirmed in 
all animals by faradization of the distal stumps 
and examination of teased osmic acid-fixed 
preparations. In no instance did strong 
stimulation cause any movement of the dia- 
phragm, and no intact fibers were found in 
any of the material prepared for microscopic 
study. 


Discussion. After finding that dogs with 
both phrenic nerves cut in the neck survive 
in excellent shape, it seemed possible that 
doing this operation by an intrathoracic route 
might in some way result in a different out- 
come. However, such is not the case, so the 
authors are left without an explanation of the 
recent report that dogs will not survive bi- 
lateral phrenectomy. On the contrary, it 
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seems that barring accidents incident to 
surgery this animal will always or nearly al- 
ways survive. This conclusion is buttressed 
by the fact that half and even more of the 
intercostal nerves can be destroyed in addition 
without causing death. 


Summary. Seven dogs were kept in good 
health and without respiratory distress for 
periods varying between 9 and 67 days after 
bilateral phrenectomy. All of the animals 
were eventually sacrificed, none died as a 
result of paralyzing the diaphragm. FElectri- 
cal stimulation and microscopic examination 
proved that the phrenectomies were complete 
in all cases. It was established that following 
paralysis of the diaphragm at least half of the 
intercostal nerves, either upper or lower, may 
be sectioned without loss of the animal. The 
conclusion drawn is that reports or statements 
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to the effect that the diaphragm is essential 
for life in otherwise intact grown dogs are 
erroneous. 
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Effect of Insulin on Maximal Rate of Renal Tubular Uptake of Glucose 


in Non-Diabetic Humans.* 


(20634) 


Joun H. Mitter. 


From the Section on Gerontology, National Heart Institute, National Institutes of Health, P. H. S., 
D. H. E. and W., Bethesda, and the Baltimore City Hospitals, Baltimore, Md. 


Although the various physiological effects 
_ of insulin are well known, the specific mode 
of action of the hormone has not been clearly 
delineated. At present, it is generally be- 
lieved that insulin facilitates, in some manner, 
the phosphorylation of glucose which intro- 
duces carbohydrate into the metabolic pro- 
cesses of the cell. The exchange of glucose 
between glomerular filtrate and renal tubular 
cell appears to be a unidirectional process 
and is characterized by a maximal rate of 
tubular cell uptake of glucose. Glucose is 
completely removed from the filtrate until 
filtered load of glucose is increased to a 
point where the tubular resorptive mechanism 
is saturated. Further increments in filtered 
glucose appear in the urine. This situation 


* The author is indebted to Elsie Beard for tech- 
nical assistance and to Dr. Milton Landowne for 
suggesting an hypothesis to explain the observed 
reduction in Tm. 


would appear to provide a unique opportunity 
to study the effect of insulin on the rate of 
cellular uptake of glucose in the intact animal 
as contrasted to most 7m vivo work which has 
been concerned with the net exchange of glu- 
cose between cell and perfusing medium. 


Methods. Twelve male subjects aged 
47-68 years who were free of evidence of 
renal disease, cardiovascular disease, and de- 
rangement of carbohydrate metabolism were 
studied in the fasting state. The general 
procedure outlined by Goldring and Chasis(1) 
for the determination of Tm glucose was 
followed. After suitable priming dose, glu- 
cose was infused as a 30% solution in water 
at a rate of approximately 1.5 g per minute 
throughout the entire procedure. Inulin was 
added to the infusion fluid in quantities suf- 
ficient to maintain plasma levels of 20-25 
mg %. Blood was sampled at the mid-point 
of each urine collection period through an in- 


- . 
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TABLE I. Effect of Insulin on Tm Glucose,* mg/min. 


Height, 


y-—Control period—, 


— Post-insulin period ——_, 
Subject Age, yr em Witten count 2 3 4 5 6 : 7 8 

10 64 172 61.7 292 264 255 266 240 220 272 252 
8. 48 170 59.9 288 254 282 298 321 261 321 299 
B. 47 ily 68.5 324 338 401 339 306 272 287 286 
D. 65 162 61.0 158 133 126 149 134 116 146 127 
iBSe 68 172 85.6 254 261 243 255 261 189 231 310 
McK. 63 172 HO) PNG 225 234 210 186 176 174 204 
By 52 172 54.1 217 218 212 215 194 187 232 210 
Je 62 178 70.0 289 242 276 278 247 257 270 341 
B. 65 165 61.0 341 322 352 390 347 286 306 299 
AH, 47 176 65.1 376 379 377 360 302 350 333 382 
C 65 168 56.8 243 236 256 206 154 217 198 217 
B.C. 63 172 60.4 328 340 334 339 334 284 338 347 
Mean 278i. 267.7 "279.0 275.4 252.2 284.6 259.0 272.8 
tO) DStde 64.0) oe 69.6 69.2 60.1 60.6 69.8 
oMn 17,6 01914 20. 210-490, 18,4. 18.3 = a dde6 
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Glucose reabsorption (Tm,) is expressed in mg/min., and is derived as the difference between 
the rate of filtration of glucose and the rate of urinary excretion of glucose. 

* Periods 1-3 represent 3 consecutive control urine collection periods, each of 12 min. dura- 
tion. Periods 4-8 represent 5 consecutive 12 min. urine collection periods following the intra- 


venous inj. of 20 units crystalline zinc insulin. 


Values are not corrected for body surface area, 


dwelling needle in the femoral artery. 
Heparinized blood samples were centrifuged, 
and plasma was removed within 20 minutes 
after the sample was obtained. Urine col- 
lection periods were terminated by washing 
out the bladder with physiological saline. 
Following 3 control urine collection periods, 
20 units of crystalline zinc insulin were in- 
jected intravenously and 5 successive urine 
collection periods, each of 12 minutes dura- 
tion were obtained over the 60-minute period 
following the injection of insulin. Inulin was 
determined in diluted urine and in plasma 
filtrate by the method of Harrison(2). Glu- 
cose was determined in diluted urine and 
plasma filtrate by the spectrophotometric 
method of Nelson(3). 


Results. The intravenous administration 
of insulin in the present series converted the 
rising plasma glucose level of the control 
periods to a progressively decreasing level in 
the face of continuation of the infusion of 
glucose at the same or at somewhat aug- 
mented rates (Table Ii). Despite this in- 
crease in overall net cellular uptake of glu- 
cose, the rate of glucose uptake by the renal 
tubular cells from the tubular lumen actually 
decreased (Table I). The decrease in Tm 
glucose, although smali, occurred in all sub- 
jects during period 6 and was statistically 


significant at the 5% level of confidence for 
period 5 and at the 1% level of confidence for 
period 6.1 That the decrease in Tmg was not 
due to a decrease in the filtered load of glu- 
cose can be seen in Table II. The rate of 
filtration of glucose was as great or greater 
following the injection of insulin than during 
the control periods. The ratio of filtered 
glucose to reabsorbed glucose was consistently 
greater during the post-injection periods than 
during the control periods. This increase in 
L/T ratio was due to both a slight increase 
in the glomerular filtration rate and a slight 
decrease in the rate of tubular uptake of 
glucose. 

Discussion. The slight, but statistically 
significant, decrease in Tmg produced by the 
administration of insulin to non-diabetic hu- 
man subjects in the present study is in accord 
with the findings of Farber e¢ al.(4) who re- 
ported a reduction in Tmg when insulin was 
administered to diabetic subjects. The in- 
sulin induced depression in Tmg is clearly not 
a phenomenon peculiar to the diabetic indi- 
vidual, as has been suggested, but one which 
occurs in the non-diabetic subject as well. 


+ Since each subject served as his own control, 
tests of significance were based on the differences be- 
tween the mean of 3 control periods and the period 
tested computed individually for each subject. 
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TABLE II. Glomerular Filtration Rate, Plasma Glucose Level, and Rate of Glucose Excretion 
Following Insulin.* 


Control period——, |, ———Post-insulin period, 
il 2 5 7 


2 4 5 6 7 8 

Plasma glucose, Mn Oa byl BES 606.5 599.1 567.8 550.0 522.7 

mg/100 ce OMn 16.9 18} 17.4 17.6 19.9 23.5 26.1 Soa 

GFR, ec/min. Mn 95.1 93.3 95.4 97.6 95.6 94.7 99.3 102.5 

omn 5.0 5.6 6.3 6.0 6.3 6.7 6.6 es 

Filtered glucose, Mn 476.7 509.5 550.1 Kye ayAley el) ~ ated See} I 

mg/min. OMn 30.5 33.9 Spe 40.5 41.3 36.4 35.9 41.9 

Glucose excretion, Mn 198.5> 24250) 271.0 312.4 319.1 296.4- 279.9 265.2 

mng/min. OMn 23.3 26.6 26.4 30.2 29.1 26.5 25.2 26.9 
Load/T Mn 1.74 1.99 2.02 2.19 2.34 2.33 2.13 2.01 
on 09 slik 10 12 Le, ollie: lle! ial 


Mean values for entire group of 12 subjects. 


* See footnote Table I. 


In an attempt to reconcile the somewhat 
paradoxical findings wherein the rate of renal 
tubular reabsorption of glucose actually de- 
creases during the period when insulin pro- 
duces a marked increase in overall net cellular 
uptake of glucose, it will be well to recall 
that the dynamics of tubular uptake of glu- 
cose from the tubular lumen differs in several 
respects from that of glucose uptake by other 
cells such as those of skeletal muscle. Glucose 
is completely reabsorbed by the renal tubule 
from the filtrate until filtered load of glucose 
is increased to a point where the reabsorptive 
mechanism is saturated. The limitation in 
rate of uptake of glucose from the tubular 
lumen is most likely due to a limitation in the 
rate of regeneration of some intracellular sub- 
stance(5), presumably ATP. On the other 
hand, glucose is removed from extracellular 
fluid by muscle at a relatively slower rate. 
ATP is not a limiting factor in the phospho- 
rylation of glucose by muscle tissue(6), and 
the rate of cellular uptake is enhanced by in- 
sulin. The reabsorption of glucose from the 
tubular lumen may be considered as a re- 
action in which glucokinase is abundant rela- 
tive to the concentration of one of the re- 
actants, ATP; while the cellular uptake of 
glucose by muscle may be viewed as a reac- 
tion in which the enzyme exists in relatively 
low concentration. Under these circum- 
stances, if the point of action of insulin is on 
the hexokinase reaction, the hormone would 
be expected to exert no direct effect on the 
rate of glucose uptake from the tubular lumen 
by the tubular cell, and to increase the rate 
of uptake by muscle cell. The observed re- 


duction in glucose Tm after administration 
of insulin would not be explained by the above 
considerations. However, if there exists in 
the renal tubular cell a mechanism for glucose 
uptake from peritubular fluid similar to that 
which exists in muscle tissue, augmentation 
of this rate of glucose uptake from the blood 
as a consequence of insulin administration 
could conceivably reduce the rate of glucose 
uptake from the tubular lumen by decreasing 
the amount of available ATP. 

Summary. 1. The maximal rate of renal 
tubular reabsorption of glucose was deter- 
mined before and after the intravenous ad- 
ministration of 20 units crystalline zinc in- 
sulin in a series of 12 non-diabetic male sub- 
jects who were free of evidence of cardio- 
vascular or renal disease. Following the ad- 
ministration of insulin, there occurred a 
slight, but statistically significant, decrease 
in Tme¢ during the period extending from 12 
to 48 minutes after injection. 2. The signifi- 
cance of these findings, with respect to the 
fundamental action of insulin, is discussed. 
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Growth and Mortality Effects Produced in the Early Chick Embryo 


By Antiserum. 


(20635) 


ANDERSON NETTLESHIP. 


From the Department of Pathology, University of Arkansas School of Medicine, Little Rock. 


The how of ontogeny or epigenesis in the 
earlier stages of embryonic development is 
still far from being answered. It is known 
that at the stage where competency begins 
organ materials are laid down in a strict and 
orderly fashion. A series of experiments was 
designed to investigate the pre-differentiation 
stages in the chick embryo. A variety of 
agents was used in an effort to modify the 
growth pattern of early embryos. The most 
successful of these agents was found to be 
whole embryo anti-chick serum produced in 
hamsters. There are no published reports in 
the literature which deal with the effect of 
whole embryo antiserum on the chick embryo. 
A few workers have reported experiments of 
this sort on the amphibian embryo(1-3). 
Previous experiments were done under a 
variety of conditions and the results are com- 
parable. They may be summarized by say- 
ing that the amphibian experiments showed 
total or partial destruction to the embryos, 
retardation of growth, production of anomalies 
and an increased mortality rate in the embryo. 
The experiments in the present report gave re- 
sults similar to those in the amphibians. They 
produced such clearly defined effects that cer- 
tain new conclusions may be reached. By 
injection ot antigenic embryo materials of 
specific time intervals, embryonic development 
in recipient embryos is limited to the stage of 
the embryo which was used as antigen. 

Methods. Fertile eggs, fresh from the yard, 
were incubated in groups of 100 for 24 hours, 
72 hours and 6 days. The eggs were opened 
with a motor disk and each living embryo re- 
moved with a minimum of yolk material and 
none of the membranes. Technical difficulties 
are present at the 24-hour stage, the fragility 
of the embryo at this time necessitates incision 
of the vitelline membrane and gentle suction 
removal of the embryo with a sharp, large bore 
needle and wet tuberculin syringe. The 
embryo materials after removal were placed 
in separate lots and thoroughly emulsified in 


normal saline by syringe suction and expulsion 
or grinding in a mortar without abrasive. 
Embryo material of 24 hours, 72 hours, and 6 
days was injected intramuscularly into 3 sepa- 
rate groups of hamsters. The injections were 
started with .5 ml of a rather opaque solution, 
in which there were particles, in the first in- 
jection and increased up to 2.5 ml in the 13th 
injection. The injections were given every 
third day and after the last injection a period 
of 2 weeks was allowed to elapse before the 
hamster was bled. Those animals which sur- 
vived the first intracardiac bleeding were re- 
bled on the 21st day after the last injection. 
The hamster anti-chick embryo serum was 
tested for sterility and only those lots which 
were sterile were used in the final experiments. 
Anti-chick embryo antiserum was not treated 
with preservative nor were absorption or com- 
plement fixation or precipitin tests performed 
upon the serum. Fresh fertile but unincubated 
eggs were opened and a window made over the 
embryo site. In each series approximately 
.O1 ml of anti-chick antiserum was dropped 
upon the vitelline membrane directly over the 
embryo site or .01 ml was injected with an 
1% inch, size 26 needle, beneath the mem- 
brane into or near the embryo site. There 
were no differences in the results of these two 
methods of administration except that a higher 
mortality resulted in the injected embryos. 
The same finding of heightened mortality was 
found amongst the controls where normal 
hamster serum was injected into the embryo 
site. We expect this was due to direct damage 
to the embryo, rather than any antibody 
effect. Adequate numbers of controls, using 
normal saline as drop and injection material 
and normal hamster serum were run. The 
treated eggs were examined every 24 hours 
throughout the time of their survival and 
observations recorded. 

Results. 24 hours anti-chick embryo anti- 
serum series. In these eggs embryonic de- 
velopment was markedly retarded and usually 
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TABLE I. Effect of Hamster Anti-Chick Embryo Serum on the Chick Embryo. 
Developmental stage 
16 24 72 6 days 
No.embryos Blastula Prim.streak 30-35 
Treatment treated gastrula bloodislets somites Abnormalities Mortality 
24 hr 129 25 47 12 2 Cystic growths 43 
ieee 168 3 19 4] 5 Monsters 100 
6 day 60 4 + 5 29 Small retarded 18 
embryos 
Controls 142 0 2 0 0 Normal 7 


stopped at the 24-hour stage with death of 
the embryo at this stage. Occasionally early 
blood islet formation was found but the 
embryo rarely progressed beyond this stage. 
Malformed gastrulae and bizarre-shaped pro- 
toplasmic masses appeared. They did not 
grow well and all attempts to transplant them 
upon more advanced membranes failed. Rarely 
an embryo reached the primitive streak stage 
before death occurred (Table I). 

72-hour anti-chick embryo antiserum series: 
This group developed to more advanced 
stages than the 24-hour group. There 
was definite tendency to micro-embryos, some 
of them reached the heart-beat stage. Mal- 
formations of various body parts became more 
pronounced. Most of these were in the cardiac 
system with different kinds of vascular and 
cardiac anomalies, or in the cranial end of the 
embryo with different kinds of heads and eyes 
much as micro or macrocephaly, unusually 
shaped heads and eyes. Occasional 2 or 3 
tailed embryos or excessive numbers of limbs 
were noted. The great majority of embryos 
were dead by the 72-hour stage: a few survived 
until the fourth day (Table I). 

6-day anti-chick embryo antiserum. Em- 
bryos in this group showed some malforma- 
tions but their number and severity were less 
than in the previous groups. Some embryos 
continued to grow until hatching but there was 
a mortality rate in the group more than twice 
that of the control series (Table I). 

Discussion. Anti-chick embryo antiserum 
contains a factor which placed in proxim- 
ity to the early developing embryo pro- 
duces stoppage of growth in stepwise fashion, 
anomalies and heightened embryo mortality. 
The interest here is not in the serological 
aspect but in the effect upon the embryo’s 
growth pattern. The same kind of experi- 


ments done on developing newt embryo ex- 
plants gave results which caused Clayton(2) 
to suggest that either an antigen or antigens 
appear during gastrulation, also the possibility 
that different parts of the embryo contain com- 
mon as well as specific antigens. The present 
report seems to indicate even more clearly that, 
as the embryo develops new antigens make 
their appearance. It is certain that the 24- 
and 72-hour chick embryos contain substances 
which are antigenic and their antibodies cause 
development to be reduced and mortality rate 
to be increased. The mechanism for the above 
is not clear since the experiments are of limited 
nature. Critical factors such as concentra- 
tion of serum, antibody titer and kinds of anti- 
body present, also sites of antibody action 
must be determined in future experiments. 

It may be considered that the appearance of 
new antigenic material, on a time basis, in the 
chick embryo is related to the development of 
new protein complexes. In this field an ap- 
plication of the Schechtman type of studies(4) 
would be profitable. The present work is 
suggestive of the development of qualitatively 
different protein complexes in the embryo con- 
current with the embryo’s development. 

Summary. Using the described experimen- 
tal conditions whole anti-chick embryo ham- 
ster serum placed in proximity to the pre- 
incubated chick embryo stops the development 
of these embryos at a time which corresponds 
to the time the embryo antigen was obtained. 
Even though the experimental factors are com- 
plex the experimental series differed sharply 
from the controls. The anti-embryo serum 
also produced anomalies and a high mortality 
in the treated series. These experiments show 
clearly that chick embryos contain distinctive 
antigenic materials which are related to the 
embryo’s age. The instep order of the results 
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in the recipient embryos points strongly to the 
development of qualitatively different protein 
complexes in the embryo concurrent with the 
embryo’s growth. 
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From the Department of Pathology, Yale University School of Medicine, New Haven, Conn. 


A distinctive type of wart found on the 
plantar surface and elsewhere on the skin of 
man has been described previously(1-3). In 
contrast to the more common wart this 
papilloma is characterized by certain cytologi- 
cal features including an intranuclear inclu- 
sion body and cytoplasmic masses. In addi- 
tion, virus-like spherical particles measuring 
68 » in diameter were demonstrated in sus- 
pensions of ground tissue examined with the 
electron microscope. This report is concerned 
with the location and arrangement of these 
particles in the papilloma cells as seen in thin 
sections. 

Methods. The present report is based upon 
a study of 3 papillomas. The excised warts 
were fixed either in osmic acid after the 
method of Palade(4) or in 10% formalin if 
the tissue was not available for the former. 

Dehydration in alcohol was followed by 
imbedding in butyl methacrylate with or with- 
out added methyl methacrylate (10%) and 
polymerization by 2-4 dichlorobenzoyl perox- 
ide (2%) by placing in an oven at 60°C for 
18 hours. Sections were cut using a glass 
knife(5) in a Servall cantilever microtome.t 
They were examined without removal of 
plastic using an RCA electron microscope 
model EMU 2E. Sections from the same 
ribbon were mounted on albumin-coated glass 
slides, soaked in xylol to remove the plastic, 


* Supported by a grant from the National Cancer 
Institute of the National Institutes of Health, U. S. 
Public Health Service. ; 

+ Manufactured by Ivan Sorvall, New York City. 


and stained with Weigert’s iron hematoxylin 
or methylene blue to aid in orientation by 
light microscopy. Staining was carried out by 
leaving the slide in either dye for one to 2 
hours and washing in water. It was then de- 
hydrated in alcohol, cleared in xylol and 
mounted. Ground suspensions of papillomas 
were prepared for electron microscopy and 
shadowed by palladium as previously de- 
scribed(1). 

Results. Cells of the different epidermal 
layers constituting the papilloma are distin- 
guishable in thin sections under the electron 
microscope since they present about the same 
features as in conventionally stained paraffin 
sections and hematoxylin-stained methacryl- 
ate sections under the light microscope. The 
cells in the Malpighian layer of this type of 
papilloma contain a spheroidal intranuclear 
inclusion body as well as a few irregular cyto- 
plasmic masses. 

Particles resembling the virus-like particles 
obtained from ground suspensions of these 
warts have been seen in electron micrographs 
in the nuclei of cells of the Malpighian layer 
(Fig. 1-3). These particles are small points 
at low magnification and spherical at suf- 
ficiently high magnification, and generally are 
arranged in regular rows. The nuclear mem- 
brane often appears double and may be sep- 
arated, apparently by artefact, from the mass 
of virus-like particles within. It has not been 
observed to contain virus-like particles. The 
particles are in straight rows sometimes at 
right angles to one another, while at others 


FIG. 1, Nuclear membrane of cell in stratum Malpighii indicated by n, eytoplasmie border by ec. 

Intranuclear inclusion body not present in this particular section through this cell. Gaps in 

section are due to artefact of preparation, methacrylate not removed. Osmic acid fixation. 
Xx 7700. 


FIG. 2. Further enlargement of negative of Fig. 1. Nuclear material can be seen to be par- 
ticulate in contrast to the adjacent cytoplasmic substance. Osmie acid fixation. 21000. 
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FIG. 3. Small portion of nucleus with nuclear membrane evident and a few adjacent tags of 


cytoplasm. Gaps are due to artefact of preparation, methacrylate not removed. Nuclear sub- 


stance composed entirely of particles arranged in rows. Osmic acid fixation. 33700. 


at an angle of approximately 120°. This 
orientation has been seen to disappear under 
slight distortion as for example may result 
from a tear in the section due to heat from 
the beam, even though this may be at some 
distance from the cell under observation. 

The particles are uniform and_ spherical 
(Fig. 6) both in ground suspension ‘of the 
papillomas and as they lie in the cells. Their 
diameter measures 56-80 mp, averaging 68 
my, in preparations from suspensions when 
they are separated, and 50-53 mp averaging 
52 mp when packed(1).. In the sections their 
diameter measures in different preparations 
from 20-38 mu. The shrinkage during fixa- 
tion and dehydration perhaps accounts for 
the smaller size of the particles in sectioned 
material. There is, of course, no assur- 
ance that the diameter obtained from sus- 
pensions is not also distorted somewhat due 
to dehydration. The surface of the particles 
is smooth or at times slightly rough or pitted 


in the shadowed suspension preparations while 
in sections their outline is uniformly smooth 
and circular. In preparations from suspen- 
sions the particles have not been seen unless 
shadowed. In sections the particles diffuse 
electrons more completely than the substance 
between them. All of the material within the 
nucleus of the affected cells except for the 
inclusion body consist of clumps of regularly 
arranged particles. The intranuclear inclu- 
sion body has little discernible internal struc- 
ture other than an occasional faint irregular 
granularity. It is sharply demarcated as are 
also the cytoplasmic masses which have about 
the same appearance in section. Both of 
these structures have greater electron scatter- 
ing power than the rest of the cytoplasm, 
whether fixed in osmic acid or formalin. In 
the examples thus far studied virus-like par- 
ticles have not been recognized in the cyto- 
plasm of the cells of the Malpighian layer 
although they fill the nuclei of these cells as 
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FIG. 4, Cell from lower stratum corneum with interdigitations between adjacent cells evident 

, at its upper and lower border. Nucleus not identifiable in cells of this layer. All of the cyto- 

plasm but the peripheral zone contains regularly arranged particles visible as a meshwork of 
straight lines. Methacrylate not removed. 10% formalin fixation. 14500. 


described. The cells from the lower stratum 
corneum are often slightly separated making 
the interdigitations between them conspicu- 
ous. These cells no longer contain nuclei; 
however, they do contain solid areas of regu- 
larly arranged rows of particles as in the 
nuclei of the cells of the Malpighian layer just 
described (Fig. 4 and 5). These areas of 
closely packed particles fill the entire cell 
except for a peripheral zone just within the 
cell border which includes the interdigitations 
and a narrow zone within. The peripheral 
area appears to be without structure. No 
particles have been identified in the inter- 
cellular space nor in the cells of the upper- 
most layers of the stratum corneum where the 
cornified cells are present as irregular partly 
separated strands. 

Discussion. Electron micrographs of thin 
sections of a distinctive type of human skin 
papilloma reveal a close-packed array of 
spherical particles within the nucleus of the 


cells at one stage of development and in the 
cytoplasm at a later stage of development. 
These spherical particles are very easily dem- 
onstrated in ground suspensions of the tissue 
of the papilloma(1). The cells of this type 
of wart differ from those of the more com- 
mon wart in that they contain an intranu- 
clear inclusion body (as distinct from the 
nucleolus) and cytoplasmic masses as well as 
other features of abnormal cellular develop- 
ment(3). : 
Virus-like particles have been found only 
in the nucleus of cells of the Malpighian 
layer. And, indeed, there is nothing other 
than masses of virus-like particles identifiable 
in these nuclei, except the intranuclear inclu- 
sion body. The virus-like particles are gen- 
erally arranged in regular rows. The intra- 
nuclear inclusion body presents an almost 
uniform cut surface and a sharp limiting 
border with no virus-like particles visible. In 
cells of the lower stratum corneum, where no 
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BIG. 5. Same cell as in Fig. 4, higher magiification, Orientation possible from hole in right 
upper corner. Lines resolvable into particles in close-packed array. 10% formalin fixation. 
< 30000. 


nuclei can be seen the entire cytoplasm, ex- 
cept the outer rim, consists of a solid mass of 
particles with an arrangement similar to that 
in the nuclei from the Malpighian stratum. 
The possibility exists that the virus-like par- 
ticles here have been derived from the nucleus 
which as a recognizable structure has disap- 
peared. The appearances suggest, however, 
that the amount is greater than merely that 
which had previously filled the nucleus. Fur- 
ther examples of consecutive stages are neces- 
sary to determine this as well as to correlate 
the development of virus-like particles with 
the cytological and histochemical features al- 
ready established. There are certain implica- 
tions, however, inherent in the finding that 
the particles are generally present only in a 
close-packed array throughout a large portion 
of the volume of the cell; such an arrange- 
ment could result from the formation of par- 
ticles in situ by a process of crystallization 
or by their alignment under restricting or 
confining pressure. Such structure is seen in 


preparations of macromolecular solids con- 
sisting of plant virus proteins which form true 
crystals(6,7). In preparations of virus-like 
particles from ground suspensions from these 
papillomas, the particles being spherical and 
of uniform size, aggregate in bunches at times 
quite apparently through the drying forces 
of the surface film. This is illustrated in 
Fig. 6, where they have been caught on one 
side of a collagen fibril. Although here and 
there a few particles appear to be grouped 
in a close-packed array the bulk do not. The 
preparation illustrated in Fig. 1A in the first 
publication on these papillomas(1) shows a 
close-packed array with at least 2 layers, sug- 
gesting a crystal-like formation. The per- 
fection of structure here resembles that ob- 
served in the sections of cells. It is to be 
interpreted perhaps as an actual portion of a 
cell which had been incompletely ground and 
dispersed, although there has not been oppor- 
tunity to verify this. 

It is our belief that the particles actually 
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FIG. 6. Preparation of ground suspension of fresh papilloma tissue shown in 


* 


section in Fig, 3. 


Shadowed with palladium (angle 1:7). Particles have come to lodge during drying on one side 


of collagen fibril contaminant from dermis. Loose packing is seen. 


represent virus particles and are the cause of 
the type of papilloma described. Inasmuch 
as this has not yet been established the term 
virus-like has been used for the particles. 


Summary. Intracellular spherical particles 
have been identified under the electron micro- 
scope in thin sections of a particular type of 
human wart which yields similar particles in 
ground suspension. In cells of the Mal- 
pighian layer of the neoplastic epidermis con- 
stituting the papilloma, the particles lie in 
the nucleus, but have not been recognized in 
the cytoplasm or in the intranuclear inclusion 
body or in the discrete cytoplasmic masses 
characteristic of this type of wart. In cells of 
the lower stratum corneum of the wart where 
the nucleus is not recognizable the particles 
occupy all of the cell except for a narrow 


x 50000. 


peripheral border. The arrangement of the 
particles is generally regular and like that of 
close-packed spheres. 


1. Strauss; M. J., Shaw, E. W., Bunting, H,, 
Melnick, J. L., Proc. Soc. Exp. Brot. AND MeEp., 
1949, v72, 46. 

2. Strauss, M. J., Bunting, H., Melnick, J. L., 
J. Invest. Dermat., 1950, v15, 433. 

3. Bunting; H., Strauss, M. J., Banfield, W. G., 
Am. J. Path., 1952, v28, 985. 

4. Palade, G. E., J. Exp. Med., 1952, v95, 285. 

5. Latta, EL, and Hartmann, J. FE. Proc.) Soc: 
Exe. Biot. AND MEp., 1950, v74, 436. 

6. Wyckoff, R. G. W., Electron Microscopy, Inter- 
science Publishers, Inc., New York City, 1949. 

7. Bawden, F. C., Plant Viruses and Virus Dis- 
eases, Chronica Botanica Company, Waltham, Mass., 
1950. 


Received September 18, 1953. P.S.E.B.M., 1953, v84. 


333 


Accentuation of Dietary Amino Acid Deficiency by Raw Soybean 


Growth Inhibitor. 


(20637) 


H. J. Atmquist AND J. B. MErritvT. 
From the Grange Co., Modesto, Calif. 


The present report is an extension of our 
studies on the inhibition of chick growth by 
raw soybean meal in the diet, as affected by 
partial dietary deficiencies of methionine, 
lysine, arginine, and isoleucine(1). The last 
3 examples were shown to be analogous to the 
well known case of methionine which has long 
been recognized as the amino acid inade- 
quately provided in whole soybean protein 
when fed as the only source of protein(2). 
The general nature of this interaction between 
the essential amino acid level and the growth 
inhibitor has now been demonstrated in the 
additional case of tryptophan. 


Methods. The 20% protein chick diet for 
Exp. 1 was the same as used previously, ex- 
cept that meat scrap provided 15% protein in 
the diet in addition to the 5% quota of raw 
soybean meal protein. This amount of raw 
soybean protein has been shown to impart 
nearly all of the growth inhibition that may 
be observed with higher levels of raw .soy- 
bean meal(1,3). Methionine at a level of 
0.39% was also added. Duplicate groups of 
nine carefully selected day-old New Hamp- 
shire chicks were placed on each diet and 
raised to 28 days age. 

The results are given in Table I. Ina 
second experiment we employed the 30% pro- 
tein diet of Hill, et al.(4) who have reported 
that amino acids would not prevent or reduce 
any of the growth retardation brought about 
by feeding raw soybeans to chicks. It was 
indicated by calculation that the possible de- 
ficiencies to be encountered would be limited 


TABLE I. Effect of Tryptophan Addition to a 
Raw Soybean Meal and Meat Scrap Diet. 


Avg wt of 

chicks at 
Supplement or treatment of diet 28 days, g 
None 131.3 
L-Tryptophan, 0.2% 254.5 
Soybean meal portion heated 354.5 
Soybean meal portion heated, plus L- 327.3 


Tryptophan 0.2% 


TABLE. II. Effect’ of Methionine and Arginine 
Additions to a Raw Soybean, Casein and Fish Meal 
Diet. 


Avg wt of 
chicks at 


Supplement or treatment of diet 28 days, g 


None : 247.8 

DL-Methionine, 0.4% plus L-Arginine, 307.6 
0.3% 

Soybean meal portion heated 316.5 


to methionine and arginine. Only these amino 
acids were added, instead of the large total 
amount of some 11 amino acids added to the 
diet by Hill et al. The amino acids replaced 
an equivalent amount of casein. The results 
of this experiment are given in Table IT. 


Discussion. The diet used in Exp. 1 was 
expected to be slightly deficient or barely ade- 
quate in tryptophan content. When the soy- 
bean growth inhibitor was destroyed by heat- 
ing, the chicks grew well and there was no 
increased growth response from added trypto- 
phan. However, the diet containing the soy- 
bean protein in raw meal state permitted only 
relatively poor growth. The growth was dis- 
tinctly improved by the addition of trypto- 
phan (Table I). This example may be added 
to those which show that the increased growth 
inhibition, caused by interaction of the raw 
soybean inhibitor with a partial deficiency 
or a barely adequate level of an essential 
amino acid, is a general phenomenon not 
limited specifically to methionine(1). The 
fact that the growth was not fully restored by 
the added tryptophan is of incidental import- 
ance only, and may indicate that yet another 
essential amino acid was involved, secondarily 
to tryptophan. 


In the experiment conducted with the diet 
of Hill, et al. it is evident that the addition 
of the amino acid supplements did increase 
growth rate (Table II). In this case the 
amino acid supplements were almost as effec- 
tive as the destruction of the growth inhibitor 
by heat. It would appear that no essential 
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amino acids other than methionine and argi- 
nine were at marginal or slightly deficient 
levels. Unfortunately, growth data were given 
by Hill et al. for only the first 7 days of the 
chick’s life. Growth data were not provided 
for a second series of tests conducted with a 
lower protein level, but it was stated that the 
results supported those in the first series.. It 
is well known that for at least half of this 
time, the baby chick is still assimilating the 
unabsorbed yolk. Experimental diets during 
this period could not be expected to show very 
consistent differences since a large part of the 
total nutrients (unabsorbed yolk) is not con- 
trollable. Aside from the shortness of the 
growth period employed by Hill e¢ al., it is 
possible that their failure to observe a growth 
stimulation on the addition of amino acids to 
a diet containing raw soybeans may have been 
a manifestation of a very general principle, 
which holds in amino acid nutrition, as well as 
elsewhere. Hill e¢ al. added 11 amino acids 
in balanced proportions intended to meet all 
requirements. The principle involved in this 
case is that adding a balance to an imbalance 
does not correct the latter. An imbalance may 
be corrected only by adding the specific com- 
ponents that are inadequately provided for 
balance, or by adding a complementary im- 
balance. 


The hypothesis that impairment of pro- 
teolysis in the gut is a primary factor which 
appears to accentuate partial amino acid de- 
ficiencies or to convert a marginal supply of 
an amino acid to a deficiency in effect, has been 
discussed elsewhere(1,5,6). Recently, it has 


Level of Liver Glycogen in Rats Having Steroid Diabetes. 


Liver GLYCOGEN IN STEROID DIABETES 


been shown that highly purified trypsin in the 
diet will reverse the effects of the raw soybean 
growth inhibitor, in support of the view that 
an anti-tryptic action is the primary mechan- 
ism of the increase in growth inhibition in this 
case(7). 

Summary. 1. The presence of raw soybean 
protein in the chick diet was found to develop 
or accentuate a deficiency of tryptophan in 
the case of a chick diet marginal in this amino 
acid. 2. A diet deficient or marginal in argi- 
nine and methionine was rendered more acute- 
ly deficient when the soybean protein com- 
ponent was present as raw meal. 3. The effects 
of these accentuated deficiencies on growth 
were reversed by adding the specific amino 
acids involved or by heat destruction of the 
growth inhibitor. 4. These results are in 
agreement with previous results in the cases 
of methionine, lysine, arginine and isoleucine. 
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Dwicut J. INGLE, RoBErt C. MEEKS, AND DEXTER F. Brary. 
From the Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


It has been generally believed that a de- 
ficiency of insulin limits the storage of glycogen 
in liver(1). This is not true of the rat having 
moderate alloxan diabetes(2) although it is 
noted in severely diabetic animals. The rela- 
tionship of insulin action to the storage of 


liver glycogen requires further study with 
careful exploration of each experimental vari- 
able. Many studies employ the level of blood 
glucose as the sole criterion of the degree of 
diabetes. This is inadequate for the purpose. 
The amount of urinary glucose as related to 
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FIG. 1. Levels of urinary glucose and of liver glycogen as related to the dose of cortisone 
acetate. Averages. 


food-intake permits a more quantitative ap- 
praisal of the severity of the diabetes. 

The positive effect of cortisone and related 
steroids upon the level of liver glycogen is 
established. What is the level of liver gly- 
‘cogen in animals having steroid diabetes? 
Does the animal excrete glucose only after it 
has reached the limit of its capacity for stor- 
age, or does the administration of diabeto- 
genic amounts of steroids interfere with gly- 
cogen storage? We find a very high level of 
liver glycogen in rats having steroid diabetes. 

Methods. Male rats of the Sprague-Dawley 
strain having initial weights of approximately 
300 g were placed in metabolism cages and 
fed 13 ml of a medium carbohydrate diet (3) 
by stomach tube each morning and late after- 
noon. The temperature was 74° to 78°C. 
Twenty-four-hour samples of urine were col- 
lected at 8:00 to 8:30 a.m. and were preserved 
with toluene for the quantitative determina- 
tion of glucose(4). A micro-suspension of 
cortisone acetate was injected subcutaneously 
following each morning feeding. At the end 
of the injection period each rat was anes- 
thetized with cyclopal; the liver was rapidly 
excised, weighed and dropped into hot KOH. 


Glycogen was determined by the use of an- 
throne(5). 

Experiments and results. In Exp. 1 the rats 
were injected with cortisone for 7 days and 
the liver excised at the end of a 24-hour fast. 
The dosage was 2 mg per rat per day, 6 rats; 
5 mg, 13 rats; 10 mg, 18 rats; and 20 mg, 16 
rats of which 3 died. The dose of 2 mg per 
rat per day did not cause glycosuria but all 
of the rats on higher doses excreted measurable 
amounts of glucose. With each increase in 
dosage of cortisone there was a significant 
increase in the average level of liver glycogen 
and of urinary glucose (Fig. 1). The values 
for liver glycogen are expressed in relationship 
to body-weight. Cortisone causes a loss of 
weight to an extent which is proportional to 
the dose. These differences in weight loss by 
7 days are small and do not significantly effect 
the shape of the dose-response curve for liver 
glycogen. 

In Exp. 2 the level of liver glycogen was 
determined in rats which had received 7 daily 
injections of cortisone. In some of the rats the 
livers were removed either 4 or 6 hours after 
the last feeding. The effect of feeding upon 
the level of liver glycogen is maximal at about 
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TABLE I. Liver Glycogen of Fasted and Non- 
Fasted Rats Given Cortisone Acetate. 


Avg liver 
Daily dose glycogen, 
cortisone, Hrpost- No. Days on % of 
mg feeding rats cortisone liver wt 
5 oy eb aa: 7 71 
4 2 61; 9.23 
10 24 6 7 8.06 
6 + 6% EO 
20 24 8 7 9.06 
6 7 6% 8.92 
this time. In the remaining animals the livers 


were removed 24 hours after feeding. Al- 
though the numbers of animals are small, the 
data (Table I) do suffice to show that the peak 
level of liver glycogen in rats treated with 
large doses of cortisone acetate is about as 
high in the fasted as in the fed rat. The 
highest individual value was 11.84% glycogen 
in the liver of a fed rat given 10 mg of corti- 
sone acetate daily for 7 days. 

Discussion. Liver glycogen is very high 
in rats having steroid diabetes induced by 
cortisone acetate. At each higher dose there 
is an increase in both the amounts of urinary 
glucose and of liver glycogen. However, the 
slopes of the dose-response curves for urinary 
glucose and for liver glycogen are not parallel 
and at any given dosage level the correlations 
between the 2 values for individual animals are 
low. We have not measured these 2 indices 


of altered carbohydrate metabolism under 
identical conditions. Urinary glucose is ex- 
creted following each feeding and the urine is 
sugar-free by the end of a 24-hour fast. The 
deposition of liver glycogen is cyclic. [If it 
were important to study more closely the inter- 
relationship between these 2 indices it would 
be necessary to measure them simultaneously 
and at frequent intervals following feeding and 
during fasting. 

Summary. Normal male rats were force- 
fed a medium carbohydrate diet. Steroid dia- 
betes was induced by the administration of 
cortisone acetate in doses of 2, 5, 10, and 20 
mg/rat/day for 7 days. The level of liver 
glycogen reached very high values in both 
fed and fasted animals. The glycogen level 
was proportional to the dose of cortisone ace- 
tate and was correlated with the level of 
urinary glucose. 
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Excretion of Urinary Mucoprotein Following Parathyroid Extract in ‘Rats.* 


(20639) 


M. B. ENGEL AND H. R. CATCHPOLE. 


From Departments of Dental Therapeutics and Orthodontics, College of Dentistry, and Department 
of Pathology, College of Medicine, University of Illinois, Chicago. 


Following the administration of parathy- 
roid extract to rats, the levels of serum muco- 
protein rise(1). When doses of 1000 or more 


* This work was supported in part by grants 
from the Department of the Army, Surgeon Gen- 
eral’s Office, from the American Cancer Society, 
recommended by the Committee on Growth of the 
National Research Council, and from the Graduate 
School, University of Illinois. 


units of the hormone are given over a short 
period of time, striking changes are seen in 
the kidneys. The tubules become filled with 
a water-soluble, alcohol-insoluble material 
which gives a positive periodic acid-leuco- 
fuchsin reaction, and mucoprotein granules 
appear in tubular cells. These observations 
suggested that in such animals the urinary 
mucoprotein levels also might be enhanced: 
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TABLE I. Urinary Mucoprotein in Rats: Amount of urinary mucoprotein excreted before and 
after injection of 1000 units of parathyroid extract (Parathormone, Lilly), expressed as mg of 
mannose-galactose standard. 


Animal No. 


Al 2 3 4 5 6 a 8 9 10 ilaE 12 Mean 
72 hr pre-inj. Usssve 29 SIRS) ato Abe Tal ; 85 1.43 .63 Oi” =. S25 192 ae IOS 
72 hr post-inj. Zo mea OMe Meee nO. Siiawe-O5 eee41 0) G20, 2.83" 352. 4252 Bb, O84 
* Urine collections were made for 48-hr period only. 
A mucoprotein has been demonstrated in nor- Results. (Table I). During a 72-hour 


mal human urine by Tamm and Horsfall 
(2,3). Their method of precipitating this 
substance at a concentration of 0.58 M NaCl 
was applied to rat urines collected before and 
after the administration of parathyroid ex- 
tract. 

Methods. Twelve young adult female rats 
(Sprague-Dawley) were housed in individual 
metabolism cages for the collection of urine 
without fecal contamination. Urines were 
collected for a 3-day control period. The 
animals were fed outside their cages during a 
one-hour daily period to avoid contamination 
of the urine samples with food, and water was 
given ad lib. A few days after the control 
period, animals were injected with 1000 units 
of parathyroid extractt in 2 divided doses 
over 6 hours. Urine collections were begun 
after the last injection and continued for a 
3-day period interrupted by daily feeding 
periods of one hour. Urine collections were 
taken daily for mucoprotein separation. 
Separation and determination of urinary 
mucoproteins. Each daily sample of urine 
was filtered and brought to a final volume of 
50 ml by washing the filter paper and residue 
with distilled water. To the filtrate was 
added 1.8 g NaCl, to give a concentration of 
0.58 M, and the mixture was placed in the 
refrigerator overnight, when mucoprotein floc- 
culated; the mixture was centrifugalized and 
the supernatant discarded. The sediment was 
dissolved in 6 ml of 5% NaszCO3 to which a 
few drops of normal NaOH had been added. 
After standing for one hour, an aliquot was 
taken for estimation of the carbohydrate con- 
tent using the orcinol reagent and a standard 
containing equal amounts of mannose and 
galactose. 


+ Parathormone generously supplied by Eli Lilly 
Co., Indianapolis, Ind. 


control period, rats excreted a total of 0.35- 
1.92 mg (mean: 1.08 mg) mucoprotein car- 
bohydrate determined as mannose-galactose. 
Using each animal as its own control, an 
elevation was found in 11 out of 12 animals 
following parathyroid extract. For a 72-hour 
period following injection, the excretion was 
0.52-4.52 mg (mean: 2.84 mg). The differ- 
ence was highly significant. 


Discussion. Current opinion is divided as 
to the origin and significance of the plasma 
mucoproteins. The problem has been re- 
cently discussed in some detail(4). The 
origin of the urinary mucoproteins has, so far 
as we know, been scarcely considered, al- 
though the consensus is that the urinary pro- 
teins are excreted through the glomeruli(5). 
We have inclined to the view that increases 
in plasma mucoproteins in certain specific 
situations might be related to the formation 
of water soluble fractions from the ground 
substance of connective tissues(6-9,1). Com- 
parable connective tissue changes may under- 
lie even some of the so-called non-specific 
situations where blood mucoproteins become 
increased in amount, and a similar explana- 
tion would then apply to them. Following 
parathyroid hormone injection, the following 
events are noted: dissolution of the bone 
matrix and the formation of water soluble 
glycoprotein moieties as demonstrated by di- 
rect chemical analysis of frozen-dried tissues; 
increase in plasma mucoproteins; kidney 
changes suggesting excretion (and possible 
reabsorption) of mucoproteins: finally, as 
shown here, a doubling or trebling of the 
urinary mucoprotein output. While a part of 
the normal complement of urinary mucopro- 
tein may be derived from the urinary tract, 
the above sequence appears to associate at 
least the additional mucoprotein excreted with 
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events occurring at some point proximal to 
the urinary tract. To define a causal relation- 
ship will entail a greatly expanded knowledge 
of the tissue mucoproteins and their break- 
down products. Meanwhile this study sug- 
gests that quantitative urinary mucoprotein 
studies might profitably be undertaken in a 
variety of diseases involving connective tis- 
sues, including especially the acute and 
chronic bone dystrophies. 


Summary. Control rats excrete, in a 72- 
hour period, 0.35-1.92 mg (mean: 1.08 mg) 
urinary mucoprotein determined as mannose- 
galactose standard. Following injection of 
1000 units of parathyroid hormone, muco- 
protein excretion increased significantly to 
0.52-4.52 mg (mean: 2.84 mg). This in- 
crease is correlated in time with a dissolution 
of bone matrix, with an increase in plasma 
mucoprotein, and with the appearance of 
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mucoprotein granules in kidney tubule cells 
and mucoprotein-containing casts in tubules. 
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Ethylene diamine tetraacetic acid (EDTA), 
by virtue of its capacity to form stable chelate 
complexes with many bivalent metals, will 
inhibit a number of enzymes im vitro presum- 
ably through competition with the enzyme for 
the activating metallic component(1-4). Histo- 
chemical application of this property was sug- 
gested by the solubility of the chelates formed, 
and alkaline phosphatase was chosen as a test 
enzyme for several reasons. 1) It has an 
ionically available activating metal (mag- 
nesium). 2) The enzyme has been extensively 
studied in vitro and considerable data has been 
accumulated with respect to its activation and 
inhibition. It provided, therefore, a reason- 
ably satisfactory baseline for the method. 3) 
At least one component of the system is rela- 


* This work was supported in part by a grant 
from the U. S. Public Health Service and by the 
John R. Stark Memorial Fund. 


tively resistant to alcohol fixation and paraffin 
embedding. 4) It can be readily demonstrated 
by 2 diffetent histochemical technics which 
give identical localizations. 5) Alkaline phos- 
phatase (phosphomonoesterase I) is part of an 
isodynamic enzyme system and there is reason 
to suspect that it may actually represent a 
group of enzymes with a similar pH optimum 
rather than an entity. There was a possi- 
bility, therefore, that these might be separable 
histochemically on the basis of their potential 
metallic activators and anionic inhibitors as 
had been demonstrated in vitro in the case 
of members of the system having different pH 
optima(5,6). 

Method. Rabbit kidney which contains 
large amounts of alkaline phosphatase in char- 
acteristic distribution was used as a test tissue. 
Thin pieces of fresh kidney were fixed in cold 
80% alcohol for 24 hours, dehydrated in cold 
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graded alcohol and n-butanol in a period of 
6 hours, and then left in cold n-butanol over- 
night. The tissue was then infiltrated in sev- 
eral changes of paraffin within a period of 2 to 
3 hours at a temperature not exceeding 56°C. 
After embedding, the blocks were refrigerated 
until ready to cut. Sections were cut evenly 
at 7 » and heating was omitted. Such sections, 
when stored in the refrigerator, retained their 
activity for many months. Following rapid 
removal of paraffin in xylol and rehydration in 
graded alcohols to water, the sections were 
washed in running water and exposed for 24 
hours at room temperature to a solution con- 
taining 10 mg per ml of chelating agent ad- 
justed with sodium hydroxide to pH 6.0 using 
the glass electrode. The concentration of ac- 
tive chelating agent was determined following 
adjustment of pH by means of a modified 
Schwarzenbach procedure using standard 0.01 
molar calcium acetate with borate buffer at 
pH 9.2 and eriochrome black T as an indicator 
(7-9). Appropriate dilution was then made 
and the final pH rechecked. Following ex- 
posure to EDTA, the sections were washed in 
running water for 5 minutes in order to free 
the tissue of soluble chelates and excess chelat- 
ing agent. They were then rinsed in distilled 
water and placed for one hour, together with 
active control sections, in a glycerophosphate 
substrate containing 0.3% sodium  glycero- 
phosphate (Eastman) and 1% calcium chlo- 
ride in 0.05 molar sodium barbital buffer at 
pH 9.2. Magnesium salts were omitted from 
the substrate. The sites of alkaline phospha- 
tase activity were then made visible by means 
of the Gomori cobalt sulfide technic(10), a 
method which lends itself rather readily to 
rough semiquantitative standardization. Al- 
though the calcium ion present in the sub- 
_ strate is capable of reactivating the enzyme, 
Ca++ is not a strong activator and no dis- 
cernible evidence of reactivation was noted 
in less than 2 hours of incubation on numerous 
occasions. The alternative diazo method (10, 
11) was frequently used for confirmation. Re- 
activation of the system could be readily ac- 
complished by exposure of the slides before 
incubation in substrate to solutions of various 
activating ions for 2 to 6 hours or longer. The 
optimal concentration of activating ion varies 
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widely with the metal used, but, in the case of 
rabbit kidney, little difference could be de- 
tected in concentrations from 0.1 to 0.01 
molar, and the former concentration was used 
routinely in these preliminary experiments. 
Since the laboratory distilled water contained 
significant quantities of contaminating ions 
capable of reactivating or inhibiting the 
enzyme, all the distilled water used in these 
experiments was passed through an anion- 
cation exchange resin. In addition, relatively 
high concentrations of the test ions were used 
in order to reduce to a minimum the possible 
effects of any contaminating cations that might 
remain in the water or be present in the 
samples of metallic salts available. The me- 
tallic salts used were chlorides or, in a few 
instances, nitrates of the highest grade of 
purity available. With few exceptions (e.g. 
beryllium nitrate about pH 4.0) the pH of 
the 0.1 molar solutions ranged from 5.9 to 
6.9. Inactivated and untreated active con- 
trol sections were run with each experiment. 


Observations. Preliminary studies were 
aimed at determination of optimal levels of 
pH, temperature, concentration and time of 
exposure necessary for EDTA inactivation of 
rabbit kidney alkaline phosphatase. 

pH. Ethylenediamine tetraacetic acid, al- 
though itself highly insoluble, is capable of 
reacting with up to 4 equivalents of base to 
form increasingly soluble salts over a pH 
range from 2.2 to 10.6. By the use of increas- 
ing amounts of sodium hydroxide, therefore, it 
was possible to adjust the pH of the chelating 
agent to any desired level. Buffering was not 
ordinarily necessary since the amount of ion 
available for chelation in the sections as com- 
pared with the large excess of chelating agent 
present was insufficient to produce significant 
pH alteration. The efficiency with which any 
given cation is complexed varies with the pH, 
and calcium and magnesium are most effec- 
tively bound at alkaline pH levels. In view of 
the fact, however, that effective complexing of 
these and many other cations will occur on the 
acid side as well, and that alkaline phosphatase 
is much more stable on the acid than on the 
alkaline side, a pH of 6.0-6.5 was found to be 
optimal in the presence of a considerable excess 
of the chelating agent. Sections exposed to 
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TABLE I. Effect of EDTA Concentration on 
Speed of Inactivation of Alkaline Phosphatase. 


—-24hr Sy ao 90 hr SF 


BDTA,mg/ec pH5.9 pH8. pH5.9 pH8. 
all 2+ 44+ 0 2+ 
2 ae, ou 0 ae 
4 se 2-- 0 + 
6 0 a 0 ak 
il 0 0 0 0 
2. 0 0 0 0 
5. 0 0 0 0 
10 0 0 0 0 
Mg** 8+ 3+ B41 Boh 
reactivated 
Untreated 4+ 4+ 44 44 


control 


1% EDTA for as long as one month and then 
reactivated by Mg++ showed no appreciable 
loss of activity on the acid side of neutrality 
above pH 4.6. Irreversible loss of activity 
occurred on the alkaline side, however, in- 
creasing as the pH optimum of the enzyme was 
approached. 

Temperature. The rate of inactivation was 
slowed at refrigerator temperatures. Since 
warming for prolonged periods was undesir- 
able, room temperature (22-24°C) was arbi- 
trarily adopted as a safe and convenient level 
for these experiments. Active control sections 
kept at room temperature in buffer solutions 
of pH comparable with that of the chelating 
agent, and for comparable periods of time. 
showed no significant loss of alkaline phos- 
phates activity. 

Concentration of chelating agent and period 
of exposure. As might be expected, the rate 
of inactivation at any given pH level and 
temperature was found to be dependent on the 
concentration of active chelating agent and the 
period of exposure. Inactivation could be 
effected in a 24-hour period by concentrations 
considerably less than 1% and was actually 
much more rapid at an acid pH (Table I). 
All these slides could be readily reactivated, 
however, and tenfold increases in concentra- 
tion and exposure time had no demonstrable 
deleterious effect. As a matter of fact, slides 
exposed at room temperature to the chelating 
agent in concentrations of 100 mg per ml 
(10%) and at the non-optimal pH of 7.2 
for a period of 6 weeks showed only slight 
diminution of activity on reactivation with 
magnesium 
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Reactivation of EDTA-inactivated rabbit 
kidney alkaline phosphatase by metallic ions. 
The slides in each set of more than 10 experi- 
ments were cut serially from the same block, 
inactivated at the same time, and exposed to 
0.1 molar concentrations of the various me- 
tallic ions for 6 hours under identical condi- 
tions of temperature and concentration. Al- 
though there were minor individual variations 
in the different series, Mg++ proved to be 
the most consistently effective ion capable of 
reactivating the system. Co++ and Znt+ 
were almost equally active, however, with 
Ca++ rather less so. These results correspond 
with those obtained in im vitro studies(5,6). 
Ni++ showed slight but consistent activating 
potential. Sr++ and Ba++ which have been 
considered inhibitory by some investigators 
(12) produced weak to moderate activation. 
Active control slides in this group showed no 
evidence of inhibition. Mn++, Pb++ and 
Cd++ in 0.1 molar concentrations showed no 
tendency to reactivate the system but also 
failed to inhibit it. Hgt+, Bet* and 
Cut+ were constant strong inhibitors. The 
inability of Mn++ to reactivate alkaline phos- 
phatase by this method is noteworthy, since 
manganese is reported to be capable of acti- 
vating the purified enzyme in vitro(5,6). 

Preliminary studies on kidney tissue from 
other animals have shown variations in the 
levels at which certain inhibitory ions can 
compete for the enzyme under these conditions. 
In contrast to rabbit kidney alkaline phospha- 
tase, that of guinea pig or monkey kidney is 
markedly to completely inhibited by Cd++ 
and Pb** in 0.1 molar and slightly inhibited 
in 0.01 molar concentrations. As might be 
expected, neither of these ions will activate 
the EDTA-inactivated system in these tissues. 
On the other hand, Mn++ in 0.1 molar con- 
centration shows no tendency to inhibit the 
enzyme of any of these tissues and also con- 
sistently fails to activate it. 


Microscopic examination of the control sec- 
tions and of those EDTA-inhibited sections re- 
activated by exposure to the various metallic 
ions thus far tested has shown no significant 
variation in localization of alkaline phospha- 
tase activity. It is possible, however, that 
important components of the alkaline phospha- 
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tase system are lost by the method of fixation 
and embedding used since there is no question 
that such treatment considerably reduces the 
intensity of the reaction(10,11). Studies using 
more efficient methods of tissue preparation 
such as  freezing-drying are continuing. 
Other components of the phosphatase system 
are also being studied, and the reversible in- 
activation by EDTA of 5-nucleotidase has al- 
ready been demonstrated by histochemical 
means. 

Summary. A method of controlled inactiva- 
tion of alkaline phosphatase in tissue sections 
by removal of the activating metallic com- 


ponent through chelation is described. The. 


enzyme activity of alcohol-fixed, paraffin- 
embedded rabbit kidney can be completely 
inhibited by EDTA and subsequently reacti- 
vated by a variety of metallic cations in 0.1 
molar concentration, including Mg++, Cot+, 
Die tnGager ore) and Bakty a Nitsvis a 
weak reactivator. The localization of enzyme 
activity in the tissue is the same regardless 
of the reactivating ion. Hgt+t+, Be++, and 
Cut* are constant strong inhibitors. Mnt+, 
Pb*+ and Cdtr fail to reverse EDTA in- 
hibition but will not themselves inhibit the 
active enzyme in the concentrations used. Pre- 
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liminary experiments indicate, however, that 
the alkaline phosphatase of guinea pig and 
monkey kidney is inhibited by Pbt++ and 
Cd++ in much lower concentrations. 
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Early observations on the effect of colchi- 
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laboratory facilities. The technical assistance of 
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cine on growing tissue (Dustin(1)) suggested 
that this substance exerts a stimulatory effect 
on the process of cell division. In later analyses 
it was shown by Ludford(2) and others that 
the increase in mitotic figures was the result of 
an inhibition of mitosis at metaphase. Lud- 
ford postulated an inhibitory effect on the 
mitotic spindle, which has recently been con- 
vincingly illustrated by the work of Inoue(3) 
on the birefringence of the spindles of normal 
and colchicine-treated sea urchin eggs. The 
suggestion of a specific effect led to experi- 
ments which demonstrated that at low col- 
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chicine concentrations sufficient to cause 
mitotic inhibition, other metabolic processes 
which are not directly concerned with the 
mechanics of cell division can proceed. For 
example, Zeuthen(4) reported that although 
cleavage of echinoderm eggs is inhibited dur- 
ing colchicine treatment, the rhythmic behav- 
ior of oxygen uptake and nuclear refractivity 
which normally occur during cleavage, also 
occur during colchicine blocking. Skipper 
et al.(5) showed a continuous incorporation 
of C* into nucleic acids of tumor cells during 
colchicine treatment. The production of 
polypoid cells with colchicine (Blakeslee and 
Avery(6)) gives evidence that this substance 
does not directly interfere with the synthesis 
of chromosomal material. This author has 
observed a few meristematic cells from the 
buds of Crepis, whose normal diploid comple- 
ment is 6, with more than 100 chromosomes 
after a few days of colchicine treatment. The 
presence of cells with higher than the tetra- 
ploid number can only be due to continued 
synthesis during treatment. 

Preliminary experiments have shown that 
the individual nuclei of growing cultures 
which have been treated with colchicine for 
approximately one day, invariably contain 
higher amounts of desoxyribonucleic acid 
(DNA) than untreated controls. The follow- 
ing experiments were designed to trace the 
course of DNA synthesis during colchicine 
treatment. 

Materials and methods. Fibroblast cul- 
tures obtained from explants of the sub- 
cutaneous fascia of a 5-day-old rat were 
grown on Maximow slides for about 7 days. 
This tissue affords a source of fibroblasts in 
which the division rate is relatively steady, 
and which are relatively genetically pure with 
regard to tissue type (Murray et al.(7)). 
The cultures were treated with colchicine in 
the feeding solution at a concentration of 
10° molar. After treatment they were fixed 
at various intervals along with controls in 
neutralized 50% formalin, followed by wash- 
ing for 3 hours in running tap water, and 15 
minutes in 80% ethanol to remove excess 
formaldehyde. They were then stained ac- 
cording to the Feulgen procedure using a 
hydrolysis time of 15 minutes. Fifty to 60 
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randomly selected interphase nuclei, distrib- 
uted among 3 explants, were measured from 
each culture, totaling approximately 400. 
One culture was used for each treatment, and 
2 for the controls. The intensity of stain was 
determined by absorption measurements using 
a microspectrophotometer of the type de- 
scribed by Pollister and Ris(8), as modified 
by Moses(9). The slides were mounted in 
oil with a refractive index of 1.548, approxi- 
mately that of the stained cells, to minimize 
light scattering. A wave-length of 565 myp 
was used, which lies at the absorption peak 
of the stain. Relative amounts of DNA in 
the individual nuclei were calculated by mul- 
tiplying the extinction by the nuclear area. 
The latter was approximated by direct meas- 
urement of the 2 diameters of the flattened 
elliptical nuclei with an ocular micrometer. 
The mitotic indices are the fractions of cells 
found in mitosis and were determined by 
counting up to 1000 nuclei in randomly se- 
lected fields. Fewer nuclei, approximately 
500, were counted in the cultures showing 
very high indices. 

Results. The upper curve in Fig. 1 shows 
a typical distribution curve of the amounts of 
DNA in the individual nuclei of a young 
growing culture. The first peak, which pre- 
dominates, consists of nuclei containing the 
normal diploid amount. The nuclei in the 
second peak have doubled their DNA, pre- 
sumably during interphase (Swift(10)), and 
are about to undergo division. This curve is in 
accord with the results obtained by Frazer 
and Davidson(11) on the distribution of 
DNA in cultured chick fibroblasts. That the 
cells in the second peak are not true tetraploids 
is made evident by the curves obtained from 
older cultures which are no longer growing. 
In such cultures the second peaks are almost 
non-existent. Henceforth Swift’s(12) desig- 
nation: Class 2, 4, 8, . . . pertaining to 
nuclei with diploid, tetraploid, octoploid, . . . 
amounts of DNA will be used in describing 
the various classes. The lower curves show 
the shifting of the class distributions with 
time in colchicine. After 10 hours of treat- 
ment, the ratio of class 4 to class 2 nuclei 
increases, and some class 8 nuclei appear. At 
21 hours the class 4 predominate and class 8 
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FIG. 1. Effect of time of colchicine treatment on frequency distributions of DNA per nucleus. 


are numerous. At 26 hours even some class 
16 nuclei are found. The boundaries of the 
various classes were established by multiply- 
ing the values obtained for the boundary be- 
tween the first 2 peaks by the appropriate 
integers. The minimum between peaks 2 and 
4 became very obvious after constructing the 
distribution curve for the pooled nuclei of all 
the cultures. After 21 hours, a progressively 
increasing number of multinucleate cells 
makes any attempt to determine relative 
numbers. of nuclei in the various classes dif- 
ficult. Most of these apparently belong to 
the higher classes, although the errors in- 
volved in adding quantitatively determined 
values of the micronuclei are sufficiently 
great to preclude their assignment to any 
definite class. These cells amount to approxi- 
mately 1% at 17 hours, 5% at 21 hours, and 
30% at 26 hours. In determining the class 
distributions the multinucleate cells were 
eliminated, resulting in a slight underestima- 
tion of the degree of polyploidy as time of 
treatment increased. 

In accord with previous investigations, the 


mitotic index was found to rise irregularly 
during the first 24 hours of treatment, after 
which it declined in the same manner. Con- 
tinuous observation of several fields during 
the first 24 hours showed that cells in “colchi- 
cine mitosis” revert to the resting state during 
this period. 


Fig. 2 shows the changing mitotic index 
with time, and also the changing “degree of 
polyploidy.” (The use of the latter term does 
not presume to distinguish between true poly- 
ploids and nuclei of lower classes with in- 
creased DNA.) The degree of polyploidy was 
calculated by assuming the mitotic nuclei to 
be distributed among classes 4, 8, and 16 in 
the same ratio as the interphase nuclei, and by 
multiplying the adjusted (to include mitotic 
nuclei) percentages in the various classes by 
their class value. Thus degree of polyploidy, 
D, equals: 


1-I 
(2N,-+4N, +...) 
No 


(4N,+ 8Neg+ .--) + 
SANS 

where I is the mitotic index, Nx the number 

of nuclei in class x, and N»p the total number 
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FIG. 2. Effect of time of colchicine treatment on mitotic index and ‘‘degree of polyploidy.’’ 


of nuclei. D would be 2 in a normal non- 
growing culture, between 2 and 4 in a growing 
culture, and 8 in a hypothetical homogeneous 
octoploid population. The assumption that 
the proportions among the higher classes is 
the same in the mitotic nuclei as in the resting 
is an approximation which is sufficient for the 
purpose to which it is to be put. It can be 
seen from Fig. 2 that the degree of polyploidy 
approximately doubles during the first 18 
hours. The coefficient of correlation between 
D and time during this period, was calculated 
to be .966. The probability that such a co- 
efficient would be obtained where no correla- 
tion exists, is less than 1%. Assuming that 
during this period the number of cell divisions 
of any kind is small, the total number of cells 
therefore remaining the same, the increase in 
D will be proportional to the increase in the 
DNA of the culture. Hence DNA approxi- 
mately doubles during this period. This is at 
variance with the results of Davison e¢ al.(13) 
who have reported a slight decrease of total 
DNA phosphorus after colchicine treatment, 
using chemical extraction technics on colchi- 
cined cultures. 

According to Lambert and Hanes(14), the 
average period between the onset of prophase 
and the end of telophase in cultured rat fibro- 


blasts is about 35 minutes at 37°C. A similar 
figure was obtained for chick fibroblasts 
(Hoffman(15)). The amount of time spent 
in any one phase of mitosis would be propor- 
tional to the number of cells found in that 
particular stage. Therefore the mitotic index 
of .027 for the control cultures indicates that 
the average cell completes the division cycle 
in about 22 hours. The typical interphase 
period has been found to be approximately 
9 hours (Fell and Hughes(16)) by direct 
measurement of the length of time between 
successive mitoses. However, the 22 hours 
arrived at here includes in the average, cells 
which are not actively dividing. During this 
22-hour period the number of cells, hence 
total DNA for the control cultures, also ap- 
proximately doubles. Considering the ap- 
proximations used, the agreement between 
these 2 figures, 18 hours for the colchicined 
cultures and 22 hours for the controls, is as 
good as could be expected. It can be stated 
with assurance that the increase in the total 
DNA over the first 26-hour periods is ap- 
proximately the same in the colchicine treated 
cultures as in the controls, and colchicine is 
not apparently directly concerned with DNA 
synthesis as such. 

After the first day, there appears to be an 
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FIG. 3. Possible scheme for production of higher DNA class cells during colchicine treatment. 


eventual diminution of activity, as indicated 
by the decreased mitotic index. Subsequent 
growth of the cultures is slight as compared 
by inspection with the controls. Whether 
this decreased growth is due to a general tox- 
icity of the colchicine, or to production of 
genetically unbalanced cells is not certain. 
Interestingly enough, colchicine had no ap- 
parent effect on the single peaked distribution 
curves of non-growing cultures. This is in 
accord with the long established fact that 
colchicine in these low concentrations does 
not drastically disturb the resting cells of 
adult differentiated tissues. 

Fig. 3 illustrates a possible scheme to ex- 
plain the production of the various class 
nuclei under the influence of colchicine. The 
majority of cells probably follow the un- 
broken line leading through DNA duplication 
to the metaphase like figure typical of col- 
chicine treated cells. From this point, several 
pathways might be open. One is through 
resumption of mitosis, a “colchicine escape,” 
especially after prolonged treatment. Earlier, 
the most likely pathway is directly back to 
the interphase, maintaining the class 4 
amount of DNA. A more devious route 
would be through separation of the chromo- 
somes to form a multinucleate cell, thence 


restitution to the mononucleate class 4 stage. 
This whole process could be repeated forming 
the class 8 and 16 nuclei. 

Summary. 1. In spite of its action in 
blocking mitosis, colchicine does not directly 
inhibit the synthesis of DNA. During the 
first 26 hours of treatment, DNA synthesis 
proceeds at the same rate as in untreated 
controls. 2. The result of colchicine treat- 
ment is a progressive increase in the number 
of cells belonging to the higher DNA classes, 
up to 26 hours. 3. Prolonged treatment 
eventually results in decreased growth. 
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Filter paper electrophoresis(1,2) of avian 
serum proteins has demonstrated (a) the 
separation of albumin, 2 a-globulins, a B-glob- 
ulin, and a y-globulin from the sera of cock- 
erels and immature pullets; and (b) the ap- 
pearance of a presumptive lipovitellin (PLV) 
fraction in the sera of laying hens or estrogen- 
ized immature pullets(3). It has further been 
shown(3) that electrophoresis in a veronal 
buffer made up with 20% methanol results 
in the separation of a new slow-moving frac- 
tion from the sera of estrogenized immature 
pullets or laying hens. This fraction is not 
present in comparable electropherograms of 
sera of immature pullets; it is poorer in lipid 
than the PLV fraction and rich in phosphorus. 
For convenience this fraction has been desig- 
nated presumptive phosphoprotein (PP). 

The following additional observations are 
reported in the present communication: (a) 
the presence of a third a-globulin fraction on 
electropherograms of fowl sera; (b) the ap- 
plication of the Feulgen plasmalogen reaction 
to the electropherograms; (c) the double na- 
ture of the PP fraction; and (d) the results 
of studies using P*? labeled inorganic phos- 
phate. 

Methods. Electrophoresis was performed 
as described previously(3) with the exception 
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that the apparatus was kept in a cold room 
at 6° to 7°C. At this lower temperature it 
was necessary to raise thé potential to 200 
volts in order to obtain 8 to 9 ma. with filter 
paper 17 inches in width and 16 inches in 
length and run in methanolic buffer. This 
lower temperature has given closer reproduci- 
bility. It is specially recommended if meth- 
anolic buffer is being used. 


Experimental results. The third a-globulin 
was first observed when making quantitative 
determinations of the protein fractions by 
eluting them from the electropherograms with 
1% NaCl and applying Weichselbaum’s 
biuret method(4) to the eluates. The posi- 
tions of the fractions were established in the 
first place by rapidly staining a strip of the 
paper with Brom Phenol Blue. It was sub- 
sequently found that this a3-globulin may be 
seen well on papers stained for at least 30 
minutes in a saturated solution of Naphtha- 
lene Black in 60% methanol and then washed 
in methanol containing 10% glacial acetic 
acid. It is less readily seen on papers stained 
with Brom Phenol Blue because it seems that 
this dyestuff, when associated with as-globu- 
lin, is relatively easily washed off the papers. 
However, papers stained with Brom Phenol 
Blue may subsequently be restained with 
Naphthalene Black. We have in this way 
successfully restained older  electrophero- 
grams on which the original Brom Phenol 
Blue had faded quite badly. The as3-globu- 
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FIG. 1. Electropherograms of human serum (A and B), immature pullet serum (C and D) and 
serum from estrogenized immature pullet (E and F). Buffer: veronal in 20% methanol, pH 8.6. 
Papers A, C and E stained with Naphthalene Black; papers B, D and F stained with Oil Red O. 
Horizontal line marks point of application. Note lipid slightly behind albumin in immature 
pullet (cp. C and D) and absence of this lipid in the estrogenized pullet (cp. E and F). Note 
a,-globulin fraction in C and E, but not in A. Two PP bands are clearly defined in the serum 
of the estrogenized pullet (EK), while lipid has migrated as far as the leading edge of the y- 
globulin. Sample of human serum was taken from a subject who had not fasted, hence high 
lipid content. 


lin has been found on electropherograms 
whether run in aqueous or methanolic buffer. 
The az-globulin is well shown in Fig. 1C and 
1E. Both these electropherograms displayed 
faint narrow a ,-globulin bands situated ap- 
proximately one-third of the way from the 
trailing edge of the albumin zone to the lead- 
ing edge of the az zone, but these a; bands 
were too faint for satisfactory reproduction in 
Fig. 1. 

Staining with Oil Red O(5) and osmic acid 
(3) has demonstrated the presence of 2 lipid 
fractions on electropherograms of human sera 
and sera of immature pullets. The first frac- 
tion moved in association with the albumin 
or somewhat more slowly(5,3). This slower 
movement is pronounced in 20% Y/, meth- 
anolic buffer as compared with aqueous buffer 
(Fig. 1B). Maurer(6) has shown that lipid 
phosphorus moves in closer association with 
the albumin the greater the proportion of 
serum that is included in the buffer. In our 
experience, electropherograms of sera from 
estrogenized immature pullets or laying hens 
have not displayed any lipid staining in the 
albumin region or behind this region despite 
the accompanying lipemia (Fig. 1, comparison 


of Dand F). This has been the case whether 
the buffer were aqueous or methanolic. The 
second lipid fraction remained at the origin 
when sera from immature pullets were run in 
aqueous or methanolic veronal buffer (Fig. 
1D). Post-absorptive human sera displayed 
lipid staining similar to that of unestrogen- 
ized immature pullets. However, in the case 
of a human serum from a non-fasting patient, 
the second lipid fraction tended to spread 
between the origin and a position just ahead 
of the y-globulin whether the buffer used 
were aqueous or methanolic (Fig. 1B). 
These observations agree with those of Kun- 
kel and Slater(7) on electropherograms of 
human sera run in aqueous veronal buffer. 
Electropherograms of sera of estrogenized 
immature pullets or laying hens displayed a 
great increase of the second lipid component. 
It has been shown that lipid staining of elec- 
tropherograms of such sera run in aqueous 
buffer is associated with a “presumptive lipo- 
vitellin” (PLV) component(3). When such 
sera were run in methanolic buffer, the elec- 
tropherograms stained with Oil Red O over a 
zone of practically the same extent as when 
run in aqueous buffer (Fig. 1F). Specially 
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FIG. 2. Electropherograms of sera from estrogenized immature pullet (O, P and Q) and of 
egg yolk diluted with 1.0% NaCl (R, S and T). Buffer: veronal in 20% methanol, pH 8.6. 
Papers O and R stained with Naphthalene Black and P and S with Oil Red O. The Feulgen 
plasmalogen reaction was applied to papers Q and T. Lipid in the serum sample has moved as 
far as the trailing edge of the g globulin; the two PP fractions are well resolved, and the Feul- 
gen reaction in general corresponds closely with the zone stained with Oil Red O. The yolk 
electropherograms have stained heavily at the point of application both with Naphthalene Black 
and with Oil Red O, and display a stronger plasmalogen reaction at the same position. _The . 
yolk pattern shows only one definite PP zone. Note the presence of two minor yolk protein 
fractions (X and Y). 2 


intense staining in the PP region was not 
apparent when the birds had received 1 mg 
ODB (estradiol benzoate) intramuscularly on 
each of 3 successive days. However, when 
twice this amount of ODB had been given, 
the PP zones were associated with relatively 
more intense staining by Oil Red O. 

The Feulgen plasmalogen reaction was ap- 
plied as follows: The paper was dried at 
25°C, immersed in 0.05 M mercuric chloride 
for one minute, washed in water, and then 
immersed in fuchsin-sulphurous acid reagent. 
(0.35 g fuchsin and 1.9 g sodium metabisul- 
phite added to 100 ml of 0.15 N HCl and left 
to stand overnight. Next morning the mix- 
ture is shaken to dissolve the fuchsin, decolor- 
ized with “‘Norite” and filtered for use). The 
reaction (Fig. 10,P,Q) gave results corres- 
ponding qualitatively to the results obtained 
by staining with Oil Red O. However, the 
Feulgen reaction was slightly more intense in 
zones corresponding in position to the PP 
zones even when the pullets had received only 
2 mg ODB on each of 3 successive days. 
Duplicate papers extracted with ethanol-ethyl 
ether (3:1) containing 5% trichloracetic acid, 


followed by extraction with chloroform- 
ethanol (1:1) no longer gave the plasmalogen 
reaction. These observations proved that the 
acetal phospholipid content of the serum of 
the fowl is increased in laying hens or estro- 
genized pullets as compared with control im- 
mature pullets. The presence of plasmalogen 
in egg yolk was first noted by Stepp, Feulgen, 
and Voit(8). Feulgen and Bersin(9) later 
estimated that egg phosphatides only con- 
tained approximately 0.1% plasmalogen as 
against 10 to 12% in muscle phosphatides. 
The amount of plasmalogen in the phospho- 
lipid of avian sera is presumably low; Raney 
et al.(10) did not mention its presence in fowl 
sera. Electropherograms of human sera also 
gave a faint Feulgen plasmalogen reaction in 
the regions that stained with Oil Red O. The 
plasmalogen reaction has a methodological 
advantage over staining with Oil Red O in so 
far as it is a reaction rather than a staining 
procedure. The reported presence of desoxy- 
ribonucleic acid in avian sera(11) prompted 
attempts to demonstrate a positive Feulgen 
nucleal stain on papers freed from lipid by 
extraction with alcohol-ether free from tri- 
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chloracetic acid. These attempts have not 
been successful, but this may be related to the 
minute concentrations of DNAP recorded for 
serum. 

A feature of the PP fraction separable on 
electropherograms prepared with sera of 
estrogenized pullets or laying hens with meth- 
anolic buffer was that this fraction appeared 
as 2 distinct bands, although these were close 
together (Fig. 1E). The double nature of the 
PP fraction tends to be obscured in more 
heavily estrogenized birds because of “tailing” 
associated with high lipid content of the sera. 
The double nature of the PP band was, there- 
fore, partially obscured in electropherograms 
of sera of estrogenized pullets previously 
figured by us(3). 

The serum of estrogenized pullets was 
diluted with an equal volume of water, and 
the resultant precipitate of serum “‘lipovitel- 
lin” was then taken up in 1.0% saline and 
subjected to electrophoresis in methanolic 
buffer. The electropherogram displayed a 
doublet of bands corresponding in mobility to 
the PP bands of a parallel electropherogram 
of the original serum run on the same paper. 

An electropherogram of egg yolk diluted 
with 1.0% NaCl and run in methanolic buffer 
is shown in Fig. 2R, S, and T. The yolk for 
dilution was carefully withdrawn by syringe 
from washed intact yolks in order to obviate 
contamination by egg-white proteins. The 
origin showed heavy staining with Naphtha- 
lene Black and a distinct band (marked PP 
in Fig. 2R) which probably corresponds to 
one of the PP bands of Fig. 20. The dark 
and wider band in advance of this (Fig. 2R) 
may correspond to the other PP band of Fig. 
20. The electropherogram of the diluted 
yolk also showed plainly the presence of a 
component corresponding in position to the 
ag-globulin of serum (marked Y) and of an- 
other fainter component corresponding in po- 
sition to a;-globulin (marked X). 

It seemed possible that the heavy deposit 
of lipoprotein at the point of application 
(Fig. 2R and S) might be associated with the 
physical structure of the yolk emulsion. Ac- 
cordingly, yolk samples (2 ml) were sus- 
pended in 1.0% NaCl and centrifuged. The 
supernatant was submitted to electrophoresis 
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HIG? 3° 
centrifuging a dispersion of egg yolk in 1% NaCl 
(J and K) and of a solution prepared by dissolv- 


ing the precipitate in 10% NaCl and then making 
up to the original volume with 10% NaCl (lL and 


Electropherograms of supernatant from 


M). Buffer: veronal in 20% methanol, pH 8.6, 
Papers J and L stained with Naphthalene Black. 
Papers K and M stained with Oil Red O. 


using methanolic buffer (Fig. 3J and K). The 
precipitate of lipoprotein was dissolved in 
10% NaCl. This solution was then diluted 
with 10.0% NaCl to the same total volume as 
the volume of the original suspension in 1.0% 
NaCl. Filter paper electrophoresis (meth- 
anolic buffer) gave the results shown in Fig. 
3L and M. The supernatant obviously con- 
tained a lipoprotein fraction which occupied 
a wide zone on the paper, and also contained 
the X and Y fractions. The precipitate 
showed a double protein band containing 
some lipid and corresponding to the PP frac- 
tions of sera of estrogenized pullets. There 
was marked retention of lipid at the point of 
application but no marked retention there of 
protein, as had been the case when the simple 
suspension of egg yolk was examined (Fig. 
2R and S). The proteins on paper J repre- 
sented approximately 1.8 times as much pro- 
tein as was present on paper L. The relation 
of these fractions to the lecithovitellin and 
livetin fractions described in the literature 
calls for further study. 
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FIG. 4. Distribution of P® on electropherogram 
of serum of immature pullet (8 wk of age) which 
had received 8 daily injections of 1 mg ODB. 
Orthophosphate labeled with P® (63 ye total activ- 
ity) injected subcutaneously on morning after last 
ODB injection. Blood drawn 12 hr after injection 
of radioactive phosphate. Papers scanned through 
% in. slit under Geiger-Mueller counter. Buffer: 
aqueous veronal, pH 8.6; ionic strength = 0.05. 
Full line and dots — total counts; broken line and 
circles = counts after extraction of lipid. 
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FIG. 5. Distribution of P® on electropherogram of 
serum of immature pullet (8 wk of age) which had 
received 3 daily injections of 2 mg ODB. Ortho- 
phosphate labeled with P® (68 ye total activity) 
injected subcutaneously on morning after last ODB 


injection. Blood drawn 11 hr after injection of 

radioactive phosphate. Papers scanned through 4 

in. slit under Geiger-Mueller counter. Buffer: 20% 

methanolic veronal, pH 8.6. Full line and dots = 

total counts; broken line and circles = counts after 
extraction of lipid. 


Studies using subcutaneous injections of 
inorganic phosphate labeled with P*? gave 
electropherograms (aqueous buffer) with high 
counts in the PLV region. Extraction of lipid 
from these papers as described above and re- 
counting gave considerably lower counts in 
the PLV region (Fig. 4). When these experi- 
ments were repeated using methanolic buffer 
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as previously reported, the new slow-moving 
band (PP fraction) was associated with a 
high count (Fig. 5). In a previous report(3) 
it was mentioned that the counts of the PP 
band were not appreciably reduced by ex- 
traction of lipids, although the counts in the 
heavy lipid staining region ahead of this were 
reduced. These earlier experiments, however, 
were conducted at room temperature. In later 
work at 6° to 7°C a proportion of the lipid 
did remain in association with the PP frac- 
tion, as may be seen clearly from Fig. 5. The 
resolution of the counting arrangement was 
not adequate to determine whether or not the 
PP zone counted as a double zone. 

Discussion. The relation of the results of 
filter paper electrophoresis of avian sera to 
the results secured by a number of workers 
(12-16) by the classical Tiselius apparatus is 
not at this stage clear. It is possible, how- 
ever, that further elucidation of the lipids and 
lipoproteins of avian sera may be facilitated 
by comparisons of results obtained by both 
technics. Clegg and Hein(16) have recently 
described results obtained by subjecting avian 
sera to the classical electrophoresis in borate 
buffer of pH 8.6. They distinguished 6 com- 
ponents in sera from untreated chickens and 
7 components in sera from estrogenized chick- 
ens. The following very tentative correla- 
tions between the components described by 
Clegg and Hein and those here described may 
be suggested. 


Component of Clegg 
and Hein (16) 


Control chicken 


Component as presently 
described 


Immature pullet 


2 Albumin 

3 a; globulin (and lipid ?) 
4 ae ” 

2 as ” 

5 B ” 

6 + ” 


The enormous increase in component 5 as a 
result of estrogen treatment might then be 
equated with the fraction which we have 
designated PLV(3). We have not been able 
to observe on paper electropherograms any 
fraction corresponding exactly to com- 
ponent 1 of Clegg and Hein(16), whether the 
buffer were veronal, borate or diethanolamine. 
(The latter buffer yields excellent separations 
but has the disadvantage of interfering with 
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the biuret and Kjeldahl methods of determin- 
ing protein). In conclusion it should be 
stressed again that the foregoing correlations 
of the results by the 2 methods are purely 
tentative. 

Summary. 1. An albumin and 5 globulin 
fractions have been observed on electrophero- 
grams of sera of sexually immature pullets. 
The albumin fraction of such sera was asso- 
ciated with lipid, but lipid was not observed 
in association with the albumin of sera of 
estrogenized pullets. 2. Zones of the electro- 
pherograms of sera of pullets that stained 
with Oil Red O also gave the Feulgen plasma- 
logen reaction. The Feulgen reaction was 
stronger with sera of estrogenized birds. 3. 
Electropherograms of yolk dispersed in 
saline were prepared using 20% methanolic 
veronal buffer. A presumptive phosphopro- 
tein fraction was distinguishable on these 
papers; it resembled closely the presumptive 
phosphoprotein fraction of sera of laying hens 
or estrogenized immature pullets. The pre- 
sumptive phosphoprotein zones were doubled 
for both yolk and sera. 4. Studies of electro- 
pherograms of estrogenized immature pullets 
that had received injections of phosphate 
labeled with P** showed that a large moiety 
of the phospholipid moved ahead of the phos- 
phoprotein fraction when methanolic buffer 
had been used to separate this PP fraction, 
although a part of the phospholipid did re- 
main in association with the PP fraction. 
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While studying the effects of chorionic 
gonadotrophin on the human testis, it was ob- 
served that the administered hormone could 
be readily detected in the patients’ plasma(1). 
Furthermore, 24 hours after a single intra- 
muscular injection, the hormonal activity ac- 
counted for in the patients’ plasma appeared 
to exceed the total administered dose. Since 
the method used for assaying chorionic gon- 
adotrophin involved injecting unaltered plasma 
in rats, it seemed likely that plasma, by some 
mechanism, enhanced the activity of the hor- 
mone as measured in the assay animals. 
Previous studies have demonstrated that in 
vitro addition of non-hormonal substances, 
such as eggwhite(2), lemon juice, heme(3), 
metallic salts(4) and insoluble hydroxides(5), 
can augment the activity of pituitary gonado- 
trophin preparations, and that these substances 
probably act by prolonging absorption from 
the site of injection(4). The experiments de- 
scribed in this report were performed to de- 
termine if the phenomenon of augmentation 
by non-specific materials might also apply to 
chorionic gonadotrophin and thus account for 
the surprisingly high levels observed in the 
plasma of men receiving the hormone. 

Methods. Intact female Sprague-Dawley 
rats, 25 days old at the time of the first injec- 
tion, were used for assaying chorionic gonado- 
trophin. All materials to be assayed were ad- 
ministered twice daily for 3 days. Twenty- 
four hours after the last injection the rats 
were killed and the uterus and ovaries were 
weighed. Two preparations of chorionic 
gonadotrophin were used: a commercial prod- 
uct, “A. P. L.”,t and the International Stand- 
ard.t The following materials were mixed 
with chorionic gonadotrophin to determine if 


activity: 


they were capable of augmenting hormonal 
unaltered human plasma, boiled 
plasma, rat serum, egg-white and polyvinyl- 
pyrollidone. The effect of plasma obtained © 
from 3 normal men was compared with that 
obtained from 2 hypogonadal men, one having 
primary testicular failure with high urinary 
gonadotrophin levels, the other having hypo- 
pituitarism with undetectable gonadotrophins. 
Materials were prepared for assay by diluting 
with water so that the total amount adminis- 
tered to each rat was contained in 6 ml, and 
1 ml was administered subcutaneously at each 
injection, except in experiments involving 
polyvinylpyrollidone, where the volumes were 
1.2 and 0.2 ml, respectively. All preparations 
were kept at 4°C, except those mixtures that 
were first incubated at 37°C, as indicated in 
Table II. 

Results. Assay of aqueous solutions of 
chorionic gonadotrophin: The effects of the 
commercial product “A. P. L.” were entirely 
similar to results obtained with the Interna- 
tional Standard (Table I). Compared with 
the uninjected controls, 0.5 international units 
elicited no significant change in uterine weight, 
1.0 unit produced an approximate doubling of 
uterine weight, and 2.0 units gave a maximal 
response. With these doses, ovarian weight 
did not increase, but with larger doses of 5.0 
to 50.0 units a gradual increase in ovarian 
weight was observed. The consistency of these 
dose-response relationships is evidenced by 
the close agreement of our results with those of 
others(6-8) who have used the uterine weight 
response of rats for assaying the International 
Standard. In view of these findings, uterine 
weight, rather than ovarian weight, was the 
criterion employed for measuring the biologic 


* Supported by a grant from Schering Corp. 
through the courtesy of Dr. E. S. Henderson and by 
a grant, No. A-121(C), from the Division of Re- 

. search Grants and Fellowships of the U. S. P. H. 
Service. 


+t The “A. P. L.” used in these studies was sup- 
plied by Ayerst, McKenna and Harrison, Ltd. 
The “International Standard for Chorionic Gonado- 
trophin” was obtained from the U. S. P. Reference 
Standards, 4738 Kingsessing Ave., Philadelphia. 
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TABLE I. Assay of Aqueous Solutions of Chorionic Gonadotrophin. 


7——Chorionie gonadotrophin——, 


Internat. Uterine wt, Ovarian wt, No. of 

Type units mg mg rats 

Internat. standard for 5 27 oS 12" 
chorionic gonadotrophin 1.0 52 eal 10 
2.0 121 12.4 20 
Uninj. controls* _ 25 10.5 34 
OAS we ees? 5 36 11.4 12 
1.0 56 10.1 15 
2.0 107 12.1 16 
5.0 137 TOM 7 
10.0 110 21.5 4 
50.0 114 Orel 4 
Uninj. eontrols* — 30 10.4 27 


* Values for uninj. controls also apply to data of Tables II and III. 


activity of mixtures of chorionic gonadotrophin 
and augmenting substances. Accordingly, in 
the experiments recorded in Table II and III, 
amounts of materials were selected which pro- 
duced uterine, but not ovarian, weight in- 
creases, and therefore only the values for 
uterine weight are tabulated. 


Human plasma added to chorionic gonado- 
trophin produced a 5- to 10-fold increase in 
hormonal activity (Table II). The effects of 
the hypogonadal patients’ plasma were no dif- 
ferent than those of plasma samples obtained 
from normal individuals. When mixed with 
plasma, as little as 0.2 units of chorionic gon- 
adotrophin produced maximal increases in 
uterine weight. When an adequate amount of 
hormone was used, quite small amounts of 
plasma sufficed to enhance hormonal activity, 
but when the amount of hormone was reduced 
below a certain level, increasing the amount of 
plasma failed to produce an effect. For ex- 
ample, the addition of 0.01 ml of subject 
L.’s plasma to 0.4 unit of hormone produced 
clearcut augmentation. With 0.2 unit of 
hormone, a definite effect was noted from 0.4 
ml plasma, but not from 0.04 ml plasma. 
When the amount of hormone was reduced to 
0.1 unit, no effect was observed from increas- 
ing the amount of plasma to as much as 3.0 
ml. 

Incubation of the hormone-plasma mixture 
for 4 to 20 hours at 37°C resulted in a further 
increase in potency in one experiment with 
subject E.’s plasma, but in 2 subsequent 
trials no effect was noted from incubation using 


plasma obtained from subjects L. and P. 
(Table IT). 

Boiled plasma, rat serum, eggwhite and 
polyvinylpyrollidone produced definite  in- 
creases in activity of chorionic gonadotrophin, 
similar to the effects observed with untreated 
human plasma(Table IIT). 

Augmentation was not observed when plas- 
ma and hormone were kept separate and ad- 
ministered at different subcutaneous sites. No 
increase in uterine weight occurred from the 
administration of a plasma-hormone mixture 
to rats castrated three days prior to the first 
injection. 

Discussion. Although the ability of non- 
specific materials to increase the activity of 
pituitary gonadotrophin preparations has been 
repeatedly demonstrated, most previous 
studies have failed to demonstrate augmenta- 
tion of chorionic gonadotrophin. Thus, aug- 
mentation was not observed when substances 
such as plasma(2), heme(3), and zinc and 
copper salts(4) were added to chorionic gon- 
adotrophin, although under the same experi- 
mental conditions these materials produced 
marked increases in activity of pituitary gon- 
adotrophin preparations. Certain differences 
in experimental procedure may explain why 
augmentation of chorionic gonadotrophin, 
which was regularly observed in our studies, 
was not seen in earlier investigations. First, 
in most studies of the augmentation phe- 
nomenon, ovarian weight has been used for 
assaying both pituitary and chorionic gonado- 
trophins. Although a sensitive and useful 
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TABLE II. Augmentation of Chorionic Gonadotrophin by Human Plasma. 


-—Chorionie gonadotrophin—, 


Plasma, Internat. Procedure Uterine wt, No. of 
Patient ml Type units AOlne ae mg rats 

L., normal ¢ all Internat. standard cll 4 38 4 
3.0 for chorionic all 4 25 4 
04 gonadotrophin 2 4 30 4 
4 2 4 88 4 
01 4 + 67 4 
04 4 + 89 4. 
2 al 3G ee: 25 4 
3.0 0 4 28 4 
P., normal ¢ all Ae a a 4 40 4 
2 2 4 80 3 
4 4 t 155 4 
pil Al 37 4-20 46 4 
2 2 37 420 54 4 
A A 37 4-20 130 3 
E., normal ¢ all x sil £ 31 oa 
2 2 4 29 6 
5 5 4 105 6 
il gil 37. 4 34 4 
2 2 37.24 82 4 
5 m3) 37° OA 148 4 
H., hypopituitarism .05 3 05 4. 34 4 
Al oll 4 64 6 
2 2 4 132 4 
9) ms) 4 145 4 
R., hyper gonadotro- 3 a pl 4 ak 4 
phic hypogonadism 15 25 4 116 4 
1.5 5 4 140 4 


TABLE IIt, Augmentation of Chorionic Gonadotrophin by Various Substances and 


Procedures. 
Internat. units 
chorionie -—— Assay rats ——, 
gonadotrophin Uterine wt, No. of 
Procedure «¢ Augmentor’? am (PAN ae) mg rats 
Mix and store at 4°C Polyvinylpyrollidone 2 mil 30 4 
25 % in water 2 2 65 4 
2 3) 150 A 
a NEDSS be Peas 2 Raw egg white 4 2 57 4 
1.0 5 102 4 
PO adh eat Rat serum 5 mt) 72 6 
2.0 5 138 4 
Human plasma boiled 5 Boiled human plasma 5 m3) 115 4 
min., coagulum bro- (patient H.) 
ken, mixed with hor- 
mone, stored at 4°C 
Plasma and hormone Human plasma 5 5 26 4 
inj. separate subeut. (subject P.) 
sites 
Assay rats castrated “ ig 1.0 5.0 3B 4 


3 days prior to inj. 


indicator of pituitary gonadotrophin activity, with large doses, increases in ovarian weight 
ovarian weight is an insensitive indicator for are not striking. In some studies, such large 
measuring chorionic gonadotrophin and even amounts of chorionic gonadotrophin were used 
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that almost maximal ovarian weight increases 
were produced, even without the addition of 
augmenting materials. Using a vaginal smear 
technic of assay, Pedersen-Bjergaard and Tgn- 
neson(9) have recently observed that the ad- 
dition of colloidal materials to chorionic 
gonadotrophin would enhance its activity to 
the extent that a single injection would pro- 
duce the effect of multiple injections of an 
aqueous solution of hormone. Thus, the 
choice of endpoint may account for failures to 
observe augmentation. Another important 
factor in interpreting studies of the augmen- 
tation phenomenon is the purity of the hor- 
mone preparations employed. With impure 
extracts, sufficient non-hormonal materials 
may be present to produce maximal augmen- 
tation and further enhancement of activity 
would not result from adding more “aug- 
mentor.” 

Since augmentation did not occur when 
plasma and chorionic gonadotrophin were kept 
separate and administered at different sites, 
the mechanism of augmentation is probably 
the same as that advanced for pituitary 
gonadotrophins, i.e. prolongation of absorption 
from the site of injection. Two other mechan- 
isms might conceivably account for the en- 
hancement of chorionic gonadotrophin activity 
by plasma: a synergistic action by minute 
amounts of endogenous gonadotrophin in 
plasma, and protection against inactivation 
(10). The first possibility seems unlikely 
since similar augmentation was observed with 
plasma from individuals having high, low, and 
normal endogenous gonadotrophin levels. Pro- 
tection against inactivation would not seem 
to be an important factor, since aqueous solu- 
tions of the hormone are relatively stable, even 
when kept at 37°C. 

Taking into account the phenomenon of 
augmentation, very small amounts of chorionic 
gonadotrophin can be detected in plasma. Con- 
sidering that 0.2 unit of hormone mixed in 
plasma can produce a definite increase in 
uterine weight and that as much as 6.0 ml 
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of plasma can be administered to the assay 
rats over a three-day period, it is possible to 
detect 0.03 units of chorionic gonadotrophin 
per ml of plasma. This is sufficiently sensitive 
to measure plasma levels of chorionic gonado- 
trophin in patients receiving therapeutic doses 
of the hormone(1). 

Summary and conclusions. A 5- to 10-fold 
increase in the activity of chorionic gonado- 
trophin, as measured in rats, was produced by 
the im vitro addition of unaltered human 
plasma. Similar augmentation was observed 
when the hormone was mixed with boiled hu- 
man plasma, rat serum, egg white and poly- 
vinylpyrollidone. The augmenting abilities of 
plasma obtained from 2 hypogonadal indi- 
viduals, the one having high, the other having 
low endogenous gonadotrophin levels, was no 
different than that of plasma obtained from 
normal individuals. Enhancement of hor- 
monal activity did not occur when ‘“‘augmen- 
tor” and hormone were kept separate and in- 
jected at different subcutaneous sites. It is 
concluded that the most likely mechanism of 
augmentation is prolongation of absorption 
from the site of injection. 
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Evidence for Progestogen Secretion by ACTH-Stimulated Adrenals.* 
(20644) 


Wii1aM R. Lyons, CHon Hao Li, RutH E. JoHNsON, AND R. Davin COoLe. 


From the Departments of Anatomy and Biochemistry (Hormone Research) and the Institute of 
Experimental Biology, University of California, Berkeley. 


One method for testing the luteotropic po- 
tency of lactogenic or mammotropic hormone 
(MH) has been to stimulate the luteal tissue 
of hypophysectomized rats to form progesto- 
gen, which in turn induces a deciduoma to form 
in areas of endometrial trauma(1). Such a 
test has also been used in detecting luteotropic 
activity in rat placenta(2,3). However, in 
light of the very extensive studies on the many 
different steroids including progestogens that 
may be formed by the adrenal cortex(4,5) it 
has become necessary to ascertain whether or 
not adrenocorticotropic hormone (ACTH), by 
way of progestogenic adrenal steroids, might 
be responsible for deciduoma formation. 

In earlier studies(1) the precaution of re- 
moving the adrenals had been taken in proving 
a luteotropic function for MH. It is now pos- 
sible to report that ACTH preparations highly 
potent as adrenocortical growth stimulants are 
responsible for progestogen formation in the 
absence of the ovaries. 


Procedure. The test animals. were imma- 
ture female Long-Evans rats hypophysecto- 
mized at approximately 30 days of age and 
injected for one week thereafter.t For luteo- 
tropic assays, it has been necessary to inject 
the rats prior to hypophysectomy with an 
ovulatory or luteinizing dose of pituitary or 
chorionic gonadotropins(1). A single injec- 
tion of pregnant mare serum gonadotropin 
(PMSG) 4 days before hypophysectomy has 
served this purpose. Luteal tissue so induced 
shows functional cell hypertrophy after hypo- 
physectomy only when stimulated with MH 
or rat placental extracts. Even when large 


* This research was supported in part by grants 
from the Research Board of the University of Cali- 
fornia, the U. S. Public Health Service and Eli 
Lilly Laboratories. 

+ This test animal may be employed in assaying 
the 6 well known anterior lobe hormones, using 
histologic criteria in the thyroid, adrenal, ovary and 
tibia for their detection. 


masses of luteal tissue were induced in these 
immature ovaries they were incapable of se- 
creting progestogen in the absence of the 
hypophysis or the hormones with luteotropic 
potency. The fractions to be tested for luteo- 
tropic activity were injected for 7 days begin- 
ning on the day of hypophysectomy. On the 
fourth day of injection a thread was inserted 
in one uterine horn; and necropsy was per- 
formed on the day following the last injection. 
In testing for ACTH-induced progestogen, 
neither pre-treatment with PMSG nor the 
presence of the ovaries was found to be 
necessary. The futility of attempting to gain 
even the slightest hint of the quality or quan- 
tity of progestogens formed by ACTH-stimu- 
lated adrenals under these circumstances was 
fully appreciated. Nevertheless, 2 available 
progestogenic steroids, progesterone and de- 
soxycorticosterone acetate (DOCA) were 
tested for deciduoma-inducing potency. The 
pituitary, ovaries and adrenals may all be 
dispensed with when testing these substances. 

Results and discussion. Table I shows the 
results obtained in a series of rats, injected 
with highly purified preparations of beef 
growth hormone (somatotropin), and sheep 
ACTH and MH. None of the controls in- 
jected with the ACTH vehicle (5% beeswax 
in peanut oil), and none of the somatotropin- 
treated animals showed deciduoma formation. 
This was true in both groups even when 
heavily luteinized ovaries had developed in 
response to PMSG prior to hypophysectomy. 
The somatotropin was estimated to have con- 
tained about 1% ACTH on the basis of ad- 
renal histology. The MH contained less than 
an estimated 1% of ACTH; and activated 
the induced luteal tissue in daily subcutaneous 
doses of 100 y (aquecus), or 50 y in beeswax. 
As in an earlier series(1) the adrenals could 
be removed on the day of thread-insertion 
without interfering with MH-induced decidu- 
oma formation. The ACTH preparations 
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TABLE I. Deciduoma Formation and Adrenal 
Weights in Immature Hypophysectomized Rats In- 


jected with Various Hormones. 
_——_——————————L=—=—__—_—_—_—— 


Daily Positive Avg wt 
dose, No.of decidu- 1. adrenal, 
Hormone mg rats oma mg 
None 27 0 4.3 
MH-1 1.0 10 10 4.6 
2 3 3 4.0 
ol 5 5 = 
x 05 3 2 4.4 
ACTH-1 060 3 3 19.4 
3 045 ~ 12 5 20.2 
i 03 3 0 15.5 
2 .06 3 3 35.0 
‘s 06 3 0 =i 
a 03 7 3 21.2 
3 01 3 0 6.3 
a .03 3 3 22.5 
4 .03 3 0 15.3 
5 03 3 0 12.5 
6 .20 4 0 REG: 
Somatotropin 45 7 0 7.5 
.10 5 0 6.2 
02 4 0 4.8 
Progesterone 2.0 5 5 as 
1.0 3 3 = 
DOCA 2.5 4 4 — 
1.0 3 i — 
Hydrocortisone 5.0 3 0 = 


Notes: (1) All of the somatotropin and MH ani- 
mals had been pretreated. with PMSG. (2) All of 
the ACTH and one MH preparation (marked *) 
were inj. in 5% beeswax in peanut oil. (3) Avg wt 
of left adrenal in 12 normal rats, 32-36 days old, 
was 12 mg. t Adrenalectomized. 


represent different fractions prepared by 
methods to be described elsewhere(6). Briefly 
ACTH-2 and -3 were obtained at a more ad- 
vanced step in the purification procedure than 
ACTH-1. They were slightly more potent 
in adrenal weight increasing activity than 
ACTH-1; and had been subjected to peptic 
digestion, a procedure that destroys MH. 
ACTH-6 had been treated in such a way as 
to preserve a good ascorbic-acid depleting 
potency equal to that of ACTH-1, and to ren- 
der it a relatively weak adrenal weight in- 
creasing preparation (Table I). 

It was observed that ACTH usually in- 
duced deciduoma formation in those rats in 
which the weight of the adrenal had increased 
several fold over that of the average hypo- 
physectomized control figure of 4.3 mg. How- 
ever, some animals with the weight of the left 
adrenal as low at 15.8 mg showed deciduo- 
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mata; whereas some with a weight as high 
as 23 mg did not. 

In the greatly enlarged adrenals the sinu- 
soids showed marked congestion with disrup- 
tion of the reticuloendothelial lining and extra- 
vasation of blood in small scattered areas. The 
normally regular parenchymal pattern was 
greatly distorted by the rapid growth, vascular 
engorgement and necrosis. Some of the de- 
generated cells contained nuclear remnants, 
sudanophilic lipoids and birefringent material 
that was yellowish, not pink, in Sudan-stained 
sections. It appeared as though the adreno- 
cortical parenchyma had become in part a 
holendocrine gland liberating whole cells and 
products of degenerated cells into the blood 
stream. Some normal-appearing cortical cells 
were seen also in the sinusoids of the medulla. 

The abnormal appearance of some of 
the over-stimulated adrenals suggested that 
ACTH may have promoted the liberation into 
the blood stream of an unusual assortment and 
quantity of cholesterol derivatives. However, 
the probability remains that this might also be 
possible in a moderately stimulated, but non- 
pathological adrenal. 

Deciduoma formation in the ACTH-treated 
rats was always associated with practically 
complete atrophy of the thymus and an 
average body weight loss of one g per day. 
The thymus could only be detected as a 
minute lymphoid remnant by staining the 
surrounding fat tissue in toto in alum carmine 
and clearing with methyl salicylate. The 
thymolytic effect is interpreted as being due 
to corticoids such as cortisone. Progesterone 
and DOCA were not found to be potent thy- 
molytic agents; nor did they cause body 
weight loss such as has been observed with 
cortisone and hydrocortisone. 

As shown in Table I both DOCA and pro- 
gesterone induced deciduoma formation in 
the hypophysectomized immature rat when 
given alone and without pre-treatment with 
estrogen, in daily doses of one mg. This 
could probably be considered a_ borderline 
progestogenic dose of DOCA; but Astwood 
(7) has shown that as little as 0.1 mg (opti- 
mum 0.75 mg) of progesterone per day may 
induce deciduomata in pseudo-pregnant adult 
rats oophorectomized, but not hypophysecto- 
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mized. Cortisone and hydrocortisone have 
never been considered progestogenic, and in 
this experiment the latter proved inactive in 
deciduoma tests when given as the acetate 
at the daily dose of 5 mg. 

Pending identification and quantitation of 
the steroids formed in the ovary under the 
influence of MH, and in the adrenal follow- 
ing injections of ACTH by chromatographic 
technics(4,5,8,9) it may be a reasonable as- 
sumption that in equivalents of DOCA the 
daily effective secretion would be in the 
neighborhood of one mg—and of proges- 
terone, somewhat less. However, it would 
seem more important to emphasize the fact 
that many steroids with different androgenic, 
estrogenic, progestogenic, etc., potencies may 
be formed in ACTH-stimulated adrenals 
(4,5,10,11), and that therefore the formation 
of a deciduoma would depend not only upon 
the total amount of progestogens secreted, but 
also upon the amounts of other steroids 
formed, e¢.g., estrogens which, in optimal 
doses, enhance this action of progestogen and 
in high doses inhibit it(7,12,13). 

Conclusions. 1. Daily doses of 30 y of an 
ACTH suspension in beeswax and peanut oil 
injected for a week stimulated the adrenals 
of immature hypophysectomized and oopho- 
rectomized rats to form progestogen(s) as 
shown by the deciduoma test. 2. MH in daily 
doses as low as 50 y accomplished this effect 
in immature hypophysectomized-adrenalecto- 
mized rats, the ovaries of which had pre- 
viously been luteinized with PMSG. 3. Pro- 
gesterone and DOCA in 7 daily doses of one 
mg induced deciduoma formation in immature 
hypophysectomized rats; hydrocortisone in 7 


daily doses of 5 mg did not. 4. Since both 
MH and ACTH induce progestogen secretion, 
an assayist should study the respective target 
tissue of each (corpus luteum or adrenal cor- 
tex) for histologic evidence of activation 
rather than use biologic or chemical evidence 
of progestogen formation. An alternative 
would be to test for MH progestogen in hypo- 
physectomized-adrenalectomized animals, and 
for ACTH-progestogen after hypophysectomy 
and oophorectomy. 
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Use of Ethylene Diamine Tetra Acetic Acid in Hypercalcemic Patients.* 
(20645) 


James F. Hotianp,t ETHEL DANIELSON, AND ALEX SEASONS Bes I 
(Introduced by Alfred Gellhorn. ) 


From the Francis Delafield Hospital, and the Institute of Cancer Research, College of Physicians 
and Surgeons, Columbia University, New York City. 


Increase in serum calcium concentration not 
uncommonly accompanies extensive osteolytic 
metastases. Such hypercalcemia represents in- 
adequate renal excretion of the large amounts 
of calcium mobilized during rapid bone de- 
struction(1). Compromise of renal function 
may occur from calcium precipitation in kid- 
ney parenchyma or dysfunction without ap- 
preciable histologic abnormality; difficulties in 
calcium excretion may thus be intensified. 
Efforts to modify hypercalcemia have not been 
highly effective. Infusion of citrate solutions 
has not fulfilled the clinical requirement, and 
decalcification of phlebotomized blood with an 
ion exchange resin and retransfusion of the 
hypocalcemic blood has proved cumbersome 
and inefficacious in our hands(2). Ethylene 
diamine tetra acetic (EDTA) and its sodium 
salts (sodium-EDTA) are capable of chelat- 
ing many metallic ions. The calcium-EDTA 
complex at pH 7.4 is almost entirely non- 
ionized and its calcium is non-precipitable by 
oxalate(3). Accordingly, the calcium atom of 
the calcitum-EDTA complex is physiologically 
unavailable. Exchange does occur with endo- 
genous calcium(4) and with metals more 
avidly chelated than calcium(5), but otherwise 
it is biologically inert. The EDTA molecule 
itself is metabolically unchanged in vivo, and 
acute toxicity of calcium-EDTA is remarkably 
low in many different species(6). Spencer 
and her collaborators(7) have administered 
4 g of sodium-EDTA in solution to man over 
periods of 6 hours, without lowering oxalate 
precipitable calcium (hereinafter referred to as 
serum calcium): indeed total calcium per 100 
ml was increased by an increment of circulat- 
ing calcium-EDTA complex. Large amounts 
of chelated calcium, from 45% to 72% of the 


* These studies were supported in part by an 
institutional grant from the American Cancer Society. 

+t Medical Officer, National Cancer Institute, 
Bethesda, Md. : 


stoichiometric equivalent of infused EDTA, 
were excreted in the urine. In rabbits(8,9) 
and other laboratory animals(10) when suffi- 
cient quantities of parenteral sodium-EDTA 
are absorbed at a suitably rapid rate, decrease 
in serum calcium results, leading to asympto- 
matic hypocalcemia, tetany, or death. Sodium- 
EDTA has been administered intravenously to 
5 patients with far-advanced cancer in whom 
widespread osteolytic lesions were associated 
with clinically significant hypercalcemia. Al- 
though clinical improvement was not seen, 
chemical, physiologic and pathologic data asso- 
ciated with the induced hypocalcemic state are 
of interest, and are herein presented. 

Methods. Disodium-EDTA,} recrystallized 
3 times, was dissolved in distilled water to 
make a 10% solution. Alkalinization to pH 
7.4 was accomplished with 1 N NaOH. After 
autoclaving and immediately prior to use this 
was diluted to approximately 3% with 5% 
dextrose in water. Serum calcium was de- 
termined by precipitation with oxalate and 
oxidation by KMnO,(11) or by hexanitrato- 
cerate in excess, employing back titration with 
ferrous ammonium sulfate to an orthophenan- 
throline endpoint(12). Calcium bound to 
EDTA was determined by ashing with concen- 
trated H.SO,4 at 600°C, followed by oxalate 
precipitation. 

Case 1. 58-year-old female had unoperated 
breast cancer with extensive osteolytic meta- 
stases, symptomatic for 3 weeks. On admis- 
sion, Mar. 17, 1952, she was anorexic, consti- 
pated, lethargic and apathetic. Tendon re- 
flexes were normal, serum calcium 19.0 mg %, 


phosphorous (P.) 3.8 mg %, alkaline phos- 


p’tase.) 6.1 Bodansky units 
With hydra- 


phatase (alk. 
(Bod. u.) and NPN 82 mg %. 


¢{ The EDTA used in this investigation was kindly 
furnished by the Alrose Chemical Co., Providence, 
R. I., and the Bersworth Chemical Co., Framingham, 
Mass. 
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GRAPHS I-V. Response of serum calcium concen- 
tration to intravenous administration of sodium 
ethylene diamine tetra acetic acid. 
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tion NPN fell to 43 mg % but calcium level 
unchanged. Urinalysis showed 1+ proteinuria 
and rare white cells. Administration of EDTA 
initiated March 25, 25 mg given. Subse- 
quently increasing amounts to 6 g in 45 
minutes injected without change in calcium 
level. Clinical deterioration progressed. On 
April 10, 400 mg/kg body weight was given. 
At 15 minutes when approximately 20 g 
sodium-EDTA had been given (333/mg/kg 
body weight) she roused from stupor, com- 
plained of urge to defecate, of headache, and 
became restless. Chvostek’s sign was nega- 
tive and there was no hyperreflexia. EDTA 
was stopped and acute symptoms subsided, 
with return to obtunded state within one hour. 
Hypocalcemia occurred, with rapid rebound. 
(Graph I). Thirty-eight hours after EDTA, 
while on penicillin, patient expired with hy- 
perpyrexia thought to be due to hypostatic 
pneumonia. No autopsy was performed. 
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Case 2. This 49-year-old female had dis- 
seminated carcinoma of breast involving 
soft tissue and causing universal osteolytic 
and osteoblastic skeletal metastases. On May 
7, calcium was 11.4 mg %, P. 4 mg %, and alk. 
p’tase. 8.3 Bod. u. Admitted May 15, and 
following day calcium 17.2 mg %, P. 6 mg %, 
alk. p’tase. 5.8 Bod. u. Urine contained 1-+ 
protein and occasional red and white cells. 
From May 20 through June 3 she received 
cortisone .3 g daily by mouth, without appre- 
ciable effect on serum calcium levels. NPN 
104 mg %. On June 2, because of lethargy, 
weakness, constipation, and progressive ure- 
mia, 15 g of EDTA (approximately 225 
mg/kg) were infused in 70 minutes. During 
infusion no objective changes were noted in 
sensorium, reflexes or vital signs, and patient 
did not complain. Serum P. levels remained 
between 5.2 and 5.6 mg %; changes in serum 
calcium shown in Graph II. On June 4, 
dihydrotestosterone 0.1 g daily I.M. begun. 
Ca. and P. levels returned to normal, alk. 
p’tase. increased suggesting new bone forma- 
tion, and uremia subsided. In remaining 3% 
months of life neither hypercalcemia nor azo- 
temia recurred. On day of EDTA administra- 
tion patient’s blood count was, as usual, indic- 
ative of severe myelophthisic anemia with im- 
mature neutrophiles and nucleated red cells in 
peripheral blood. Platelet count was 120,000 
though no previous values were recorded. 
Without other significant changes in formed 
elements, on days 4, 7, 9, 14, 18, 25, and 78 
after EDTA respectively, thrombocytes (in 
thousands) were 44, 28, 34, 66, 78, 86, and 
250. No changes in bleeding, venous clot- 
ting or prothrombin time appeared; epistaxes 
did occur, however, which were locally con- 
trolled. The relation of thrombocytopenia 
to EDTA, or remission, concomitant with ad- 
ministration of androgen is uncertain. Higher 
levels of red cells and hemoglobin, without 
changes in white cells, also occurred coinci- 
dent with the platelet rise. Demise resulted 
from pulmonary insufficiency, pathologically 
attributable to abundant alveolar wall cal- 
cification. Metastatic calcification in kidney, 
although present, was remarkably less exten- 
sive. Generalized carcinomatosis was present, 
though inconspicuous in the lungs. 
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Case 3. This 49-year-old female had ex- 
tensive bone destruction from multiple mye- 
loma of 4 years’ duration. She remained 
semi-ambulatory until admission on January 
15, 1953, when calcium was 12.2 mg %, P. 
3.1 mg %, alk. p’tase. 2.0 Bod. u. and NPN 
43 mg %. Her urine findings were: sp. gr. 
1.005, acid, protein 4+-, and 1-3 white cells/ 
hpf. She remained in bed because of pain, 
and was treated with 6-mercaptopurine. In- 
creasing serum calcium level was detected 
during this period which by Feb. 4 was 18.2 
mg %. Urinary calcium excretion ranged 
from 111 to 147 mg per 24 hours. She was 
lethargic and vomited frequently. 13.5 g of 
sodium-EDTA (approx. 160 mg/kg) admin- 
istered intravenously in 29 minutes on Feb. 5. 
At approximately 25 minutes patient ex- 
pressed apprehension of death and complained 
of urge to defecate. Obstructed inspiration 
and trismus appeared. EDTA was stopped 
at approximately 29 minutes; respirations 
ceased and cardiac sounds were not heard. 
Unsuccessful cardiac puncture seemed to 
stimulate one respiratory grunt. With a 
longer needle right ventricular blood was ob- 
tained and one cc epinephrine 1:1000 in- 
jected. Period of apnea is estimated at 3 
minutes, and she regained consciousness in 
20 minutes. The ventricular serum calcium 
was 3.4 mg %. Later venous levels shown 
in Graph III. In next 16 hours she voided 
250 cc, but thereafter daily urinary output 
was less than 100 cc. Approximately 2.5 mg 
% of calcium-EDTA was detectable in serum 
even 96 hours after administration, attrib- 
uted to the profound oliguria. On fourth day 
after EDTA, in the 55 cc urine voided, vir- 
tually all calcium excreted was complexed 
with EDTA. In spite of conservative man- 
agement, patient died on Feb. 11 with acute 
renal insufficiency, and with progressive leu- 
‘copenia due to 6-mercaptopurine. No au- 
topsy performed. 

Case 4. This 49-year-old female had had 
‘symptomatic multiple myeloma for 4 months, 
with extensive bony involvement, soft tissue 
tumor of thoracic wall, and proteinuria. One 
-week earlier serum calcium elsewhere was 14.5 
mg % and BUN 15 mg %. On admission 
Apr. 6, the urine showed heavy proteinuria 


361 


and serum calcium 17.6 mg %, P. 5.2 mg %, 
alk. p’tase. 2.3 Bod. u., and NPN 67 mg %. 
In spite of adequate hydration and supportive 
therapy, on Apr. 15 serum calcium was 20.2 
mg % and NPN 171 mg %. ‘On Apr. 16, 
10 g sodium-EDTA (approx. 175 mg/kg) 
given intravenously in 54 minutes. No lessen- 
ing of torpor nor other subjective reaction 
occurred. Calcium values are shown in 
Graph IV. In the remaining 4 days of life 
there was no alteration in course of her dis- 
ease. She died Apr. 20 from progressive renal 
insufficiency. At necropsy, universal multiple 
myeloma with marked osteolysis was found, 
and the kidneys showed mild Bence-Jones 
protein nephrosis. In addition, many tubular 
cells showed marked vacuolization reminis- 
cent of sucrose nephrosis. Minimal meta- 
static calcification was present. The marked 
hydropic degeneration was entirely similar to 
that found in patient No. 5 (v.i.) and is felt 
to be independent of other renal pathology 
present. These changes may have been pro- 
duced by sodium-EDTA; they are not those 
recognized as associated with myeloma, amy- 
loid, or hypercalcemia (Fig. 1). 

Case 5. 32-year-old female had had malig- 
nant melanoma of the rectum for one year 
despite attempted removal. Inguinal node 
metastases and extensive destruction of the 
bony pelvis and lumbar spine had occurred, 
and she was first admitted for bone pain. 
Serum calcium was 10.6 mg % on Mar. 30, 
and on Apr. 21 NPN was 30 mg %. By Apr. 
27 calcium was 19.2 mg %, P. 5.4 mg %, 
alk. p’tase 5.6 Bod. u., and NPN 60 mg %. 
Urine revealed only 1+ protein. Her con- 
dition deteriorated markedly and she became 
semicomatose. On May 7, 9.5 g of sodium- 
EDTA (approx. 235 mg/kg) administered in- 
travenously in 60 minutes. Serum calcium 
dropped as seen in Graph V. In the 4 days 
until death, hypercalcemia continued and 
uremia progressed. At autopsy widespread 
malignant melanoma without ureteral ob- 
struction and intense vacuolization of tubular 
epithelium were found. (Fig. 2). Meta- 
static calcification was present in some tub- 
ular cells. Intracellular eosinophilic masses, 
in close juxtaposition to calcified areas were 
also seen and raise the possibility that cal- 
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patient #5. 
tubules also shown. 


FIG. 1. Hydropie degeneration of renal tubular epithelium in patient #4. Tubules distended 
with Bence-Jones protein and metastatic calcification also shown. 
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FIG. 3. Electrocardiograms of patients #3, #4 

and #5 (top to bottom) during hypercalcemia 

(left) and normocaleemia (right). Consult Table 

I. Normocaleemic record in patient #3 taken be- 
fore apnea. See text. 


cium may have been present in these loci be- 
fore the sodium-EDTA infusion. There was 
a small amount of metastatic calcification in 
the lungs, but none in other tissues. 
"Discussion. The rapidity with which serum 
calcium levels can be depressed with EDTA 
at dosage levels employed in this study is note- 
worthy. As in experimental animals, this is a 
function not only of amount administered but 
of rate. There is no reason to assume that 
homeostasis of serum levels during slow in- 
fusion, or elevation toward normal following 
rapid infusion is a function of dissociation of 
calcium-EDTA or of renal reabsorption of 
unbound calcium. Rather, as Spencer and 
her collaborators(7) indicate, in the presence 
of excess calcinuria, this homeostasis must 
represent mobilization of calcium from bone. 
The speed with which this calcium shift oc- 
curs, and its control without apparent over- 
shoot are of interest. The role of the para- 
thyroids in this phenomenon cannot be de- 
duced from data presented, nor is the reason 
for return to an unphysiologic level eluci- 
dated. 

Electrocardiograms were taken within one 
minute of blood specimens during experi- 
mental periods in patients No. 3, No. 4, 
and No. 5. The K in Bazzett’s formula 
6 eared sor rose slightly in each instance 

Vy R-R 
from the control to the depressed calcium 
level. This is in accord with the generally 
accepted slowed repolarization during hypo- 
calcemia (Fig. 3, Table I). Initially high 
K values, the presence of uremia, and the 
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TABLE I. Cardiac Repolarization at Varying 
Levels of Serum Calcium. 


Q-T 
Bazzett’s formula K = 
VER 
: Time, Ca, Q-T, RR, 
Patient min: mg % sec. sec; 
#3 0 17.4 .30 .67 “Or 
15 10.8 38 .60 49 
#4 0 Ayes 530) 50 49 
Ni 10.5 38 56 ol 
#5 0 18.2 By) 08 44 
67 LOR: 33 49 AT 


near-moribund state allow little significance to 
be placed in the small variations observed. 

The death of patient No. 1 was probably 
independent of this study. The possibility 
that thrombocytopenia in patient No. 2 may 
have been related to the compound cannot be 
summarily dismissed, although similar reports 
have not been found. The excessive hypocal- 
cemia achieved in patient No. 3 resulted in a 
series of events terminating in death. In 
patients No. 4 and No. 5 the peculiar hydro- 
pic degeneration of tubular epithelium found 
at autopsy, in each instance 4 days after the 
administration of EDTA, may represent 
an effect of this agent. In neither instance 
was this lesion recognizable clinically, nor did 
it seem to influence the patients’ survival. 
Similar findings have been described after 
administration of calclum-EDTA to dogs, but 
untreated and saline-treated control animals 
were also found to have vacuolization of their 
renal epithelium(13). The role of EDTA in 
causation of the lesion in the experimental 
group was therefore discounted. In rare cases 
tubular vacuolization has also been observed 
at autopsy in patients with cancer who have 
not received EDTA(14,15). The surpris- 
ingly little renal calcification in patient No. 2 
contrasted to the abundant pulmonary calci- 
fication present, admits of the possibility that 
renal calcification may in some way have been 
modified by EDTA presented to the kidney. 
for excretion. 

Failure to improve the condition of 5 pa- 
tients with cancer, bone destruction and hy- 
percalcemia by transient depression of serum 
calcium is not wholly unexpected. In no in- 
stance did azotemia regress, nor did the torpor 
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often ascribed to hypercalcemia remit during 
the sodium-EDTA infusion except evanes- 
cently in patient No. 1. The eventual return 
of hypercalcemic levels to normal in patient 
No. 2 is not attributed to EDTA. With the 
exception of patient No. 3, no apparent modi- 
fication of survival was effected by the pro- 
cedure. 

Summary. 1. A sodium: salt of ethylene 
diamine tetra acetic acid at pH 7.4 has been 
administered rapidly intravenously to 5 pa- 
tients with hypercalcemia from bone destruc- 
tion. 2. Decrease in serum calcium concen- 
tration has been produced but this is of re- 
markably short duration and unassociated 
with clinical benefits. 3. Two instances of 
renal tubular vacuolization following adminis- 
tration of sodium-EDTA have been observed. 


The authors are indebted to Dr. Edith E. Sproul 
for her interpretation of pathologic material. They 
also wish to express their appreciation to Dr. Jane 
V. Gang for assistance; and to Drs. M. Garcia, L. 
McDaniel, J. Nork and C. O’Sullivan, who, as 
medical students, participated actively in this investi- 
gation. 
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Effect of Electroshock Therapy on Blood Lactic Acid and Pyruvie Acid. 
(20646) 


SAMUEL Erpuson, GEorGE R. KINGSLEY, ROBERT B. Portis, AND RAYMOND D. 


WALLACE. 


(Introduced by Wendell H. Griffith.) 


From the Biochemistry Laboratory, General Medical and Surgical and Neuropsychiatric Hospitals, 
Veterans Administration Center, and the Department of Physiological Chemistry, School of 
Medicine, University of California at Los Angeles. 


Electroshock therapy (EST) is widely used 
in the treatment of certain mental disorders. 
However, the biochemical changes in blood 
constituents resulting from such traumatic 
electrical stresses to the body are little known. 
Our immediate interest in this problem was 
centered around the changes in lactic acid and 
pyruvic acid levels appearing in the blood after 
the extreme muscular excitation induced by 
EST. The evidence available in the literature 
concerning the effect of EST on the lactic acid 
and pyruvic acid levels, as well as on other 
constituents, in the blood is both fragmentary 


and inconclusive(1-3). In most cases re- 
ported, the time intervals of blood sampling 
of patients receiving EST were chosen arbi- 
trarily and consequently have given rise to 
conflicting and unsystematic data. We under- 
took this investigation to ascertain precisely 
the changes occurring in both lactic acid and 
pyruvic acid levels of the blood following EST. 

Methods. Ambulatory patients, ranging 
from 20 to 40 years of age and carrying a 
diagnosis of chronic schizophrenia, were em- 


ployed in this study. Patients having a rela- - 


tively quiet’ awakening after EST were 
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FIG. 1, Various symbols represent lactic acid values of different patients. Pre-shock values of 
each patient are shown on the ordinate. Abscissa represents the time from onset of shock. 
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FIG. 2. Same as Fig. 1, except the values are for pyruvie acid. 


selected. Each subject was given 3 to 6 grains 
of sodium amytal by mouth prior to shock. 
EST was administered by the “Electronicraft” 
machine with the initial current at 125 milli- 
amperes and with automatic resistance com- 
pensation. Maximum current of 350 milli- 
amperes was reached within 2!%-3 seconds. 
The current was reduced to 250 milliamperes 
in 5 seconds then was gradually decreased 
depending on the response of the patient and 
was abruptly terminated during the later part 
of the clonic phase of the convulsion. The 
average length of the total treatment was 35 
to 40 seconds. Samples of venous blood were 
collected without the aid of a tourniquet and 


40 45 50 


immediately placed in cold 10% _trichloro- 
acetic acid. A pre-shock sample was removed 
and samples were taken following the clonic 
phase of the convulsion at approximately one- 
half minute intervals up to 3 minutes and 
every 5 minutes thereafter. The method used 
for the determination of lactic acid was that 
of Barker and Summerson(4). Lithium lact- 
ate, which is used by most workers as a > 
standard for this method, appeared to pick up 
water and thus furnished only relative results. 
Consequently, we employed as our lactic acid 
standard a sample of non hygroscopic calcium 
L(+) lactate of known water content which 
was a mixture of hydrates: HO, 23.4%; ash 
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FIG. 3. Time seale (abscissa) is enlarged to show 

drop in blood pyruvic acid levels and correspond- 

ing rise of blood lactic levels. Various symbols in 

lower left corner (marked A) represent pre-shock 

levels of pyruvic acid. Bar on the left ordinate 

(marked B) represents variation in pre-shock levels 
of lactic acid. 


(CaCO;) calculated, 35.5%, theory, 35.2%. 
The lactic acid determinations were made on 
the same day the blood samples were collected, 
since on standing the lactic acid concentration 
increased significantly. The method for de- 
termining pyruvic acid was that of Friedmann 
and Haugen(5) as modified by Fister(6). 
Samples for pyruvic acid determination were 
stored at 5°C for 24 hours in order to destroy 
interference by acetoacetic acid. The Fried- 
mann and Haugen procedure(5) and the 
Lichtenbelt and Florijn method(7) (heating 
the fresh deproteinized blood filtrate in a 
boiling water bath for 5 minutes) gave similar 
results. 


Results. The blood lactic acid level for 
each patient, following EST (Fig. 1), rose 
sharply to a peak within 3 to 5 minutes, then 
declined approaching the normal pre-shock 
level usually within 1% hours. The concen- 
trations at peak levels increased approximate- 
ly 6-fold over pre-shock levels. The blood 
pyruvic acid reached a peak approximately 
three times the pre-shock level after about 
20 minutes (Fig. 2). 

When blood samples were drawn at 20 to 
30 second intervals, it was observed that both 
the lactic acid and pyruvic acid concentrations 
rose immediately following EST. However, 
after thirty seconds the pyruvic acid level 
dropped, falling to a minimum at the same 
time that the lactic acid reached its maximum 
(Fig. 3). The variation among patients of 
these two metabolites, at any particular time 
after shock, was quite large. However, as 
shown in Fig. 4, the ratio of lactic acid to 
pyruvic acid (L/P), at any particular time, 
was quite constant. It seems clear that unless 
a comprehensive picture of the fluctuations of 
the levels of lactic acid and pyruvic acid (or 
any other metabolite) is obtained, an interpre- 
tation of data based on arbitarary spot-check- 
ing of the concentrations of these metabolites 
in the blood can only lead to confusing and 
conflicting results. Since during the first three 
minutes there was a drop in pyruvic acid levels 
with a corresponding rise in lactic acid levels, 
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FIG. 4. Points (cireles) represent mean ratio of 
lactic acid/pyruvie acid for same patients illus- 
trated in Fig. 1 and 2. Bars represent largest devi- 
ation from the mean. Circle located on the ordin- 
ate represents mean ratio of pre-shock levels. 
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it would appear that the Embden-Meyerhof 
scheme represented the dominating event dur- 
ing this time interval. Also, since after the 
first 3 minutes, the keto acid levels increased 
as the hydroxy acid levels decreased, and 
since the concentrations of these metabolites 
then returned to normal pre-shock levels, it 
would appear that the aerobic phase pre- 
dominated during this time interval. It is of 
considerable interest that the L/P ratio, at 
any particular time after shock, of all patients 
studied fell within a small range. 

Further investigations are in progress to 
determine the relationship between the varia- 
tions in the concentrations of lactic acid and 
pyruvic acid, or their ratios, as an index of 
the relative intensity of the convulsion in 
EST. 

Preliminary data obtained on the blood 
levels of glucose, sodium, potassium, and 
calcium, indicated that the concentration of 
these metabolites varied considerably over a 
sixty minute period following EST, rising and 
falling several times during this time interval. 

Summary. A simultaneous measurement 
has been made of lactic acid and pyruvic acid 
changes in the blood of neuropsychiatric pa- 
tients before and after extreme muscular ex- 
citation induced by electroshock therapy 
(EST). The blood lactic acid level of all 
patients following EST rose sharply to a peak 
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(six times pre-shock level) within 3 to 5 min- 
utes and then returned to the normal level 
after 1 to 1% hours. The blood pyruvic acid 
level of all patients rose immediately following 
EST for thirty seconds (4-6 mg %), then fell 
to a minimum (2-3 mg %) within 3 to 5 
minutes and rose again to a peak three times 
the pre-shock level 20 min after EST. 


We would like to thank Mr. Roscoe R. Schaffert 
and Miss Marion Amos for their kind assistance 
with the analyses and Dr. Seymore Bird for his 
kind cooperation in dealing with the patients. The 
calcium lactate was obtained through the courtesy 
of Dr. Merrill N. Camien, Department of Biochem- 
istry, University of California at Los Angeles. 
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Influence of Hibernation on Survival Time and Weight Loss of X-Irradiated 


Ground Squirrels.* 


(20647) 


JouHN Doutt AND KENNETH P. DuBots. 


From the U. S. Air Force Radiation Laboratory and the Department of Pharmacology, 
University of Chicago. 


Numerous studies on the influence of tem- 
perature on the radio-sensitivity of various 
biological systems have been conducted and 
it has been concluded(1) that temperature 
changes within the range which can be toler- 
ated by most living systems do not directly 


* This study was supported by funds provided 
under contract with the USAF School of Aviation 
Medicine, Randolph Field, Texas. 


modify radiation reactions. However, the 
tissue injury resulting from the interaction 
of the products of ionizing radiations with 
cellular constituents is delayed when the tem- 
perature of the organism is maintained below 
normal following irradiation and survival is 
thereby prolonged. Although this effect has 
been demonstrated in several types of cells 
and tissues by a number of investigators, its 
occurrence in hibernating mammals(2-4) 
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of particular interest because it provides an- 
other approach for studies on the mechanism 
responsible for the injurious action of ioniz- 
ing radiations on mammalian tissues. 

For the application of hibernating animals 
to research in radiobiology it is desirable to 
use a species which can be readily obtained, 
easily maintained under laboratory conditions 
and in which hibernation can be induced 
throughout the year. We have found that the 
hibernating ground squirrel (Citellus tride- 
cemlineatus) meets these requirements and 
thus serves ideally for investigating the in- 
fluence of toxicants on a hibernating species. 
The present communication describes experi- 
ments on the susceptibility of hibernating and 
non-hibernating ground squirrels to lethal 
doses of x-irradiation. The results of this 
investigation have shown that animals irradi- 
ated while in hibernation exhibit a prolonged 
survival time provided they are maintained 
in the poikilothermic state following irradia- 
tion. 


Materials and methods. Male and female 
ground squirrels were trapped in the vicinity 
of Chicago during the summer months by 
placing a wire cage over the entrance to the 
burrow and flooding the burrow with water, 
forcing the animals into the cage. They were 
maintained in an air-conditioned laboratory 
at 68-75°F in individual cages and fed Rock- 
land Rat Diet supplemented biweekly with 
carrots and cabbage. Hibernation was induced 
in adult animals of this species by placing the 
animals in a cold room at 5°C for 24 to 
48 hours without food or water. Hiberna- 
tion in this species is more profound than in 
other available hibernating animals and it is 
possible to expose the hibernating ground 
squirrels to light, noise, and even certain sur- 
gical procedures without arousing the animals. 
Furthermore, the hibernating ground squirrel 
does not return spontaneously to the homeo- 
thermic state as frequently as do most other 
hibernating species and in this respect offers 
a distinct advantage for studies involving 
hibernation. X-irradiation was administered 
in a single whole-body exposure by means of 
a Keleket Therapy X-ray Machine (250 
KVP, 15 ma, 0.25 mm copper and 1 mm 
aluminum added filtration, 75 cm target dis- 
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tance, dose rate 35-36 r per minute). Groups 
of 12 animals were irradiated simultaneously 
in a rotating aluminum cage placed perpen- 
dicularly to the central ray so that each indi- 
vidually caged animal received an identical 
dose. When animals were irradiated while in 
the hibernating state, the entire cage was en- 
closed in a refrigerated box maintained at 
5°C during the exposure. 

Results. To ascertain the susceptibility of 
ground squirrels to x-irradiation, 6 groups 
each containing 12 non-hibernating animals 
were exposed to doses of x-ray ranging from 
400 r to 1200 r. Observations on the mor- 
tality and changes in body weight were made 
daily for 30 days following irradiation. The 
results of these measurements on 72 animals 
indicated that the approximate 30-day LD5» 
of x-ray for ground squirrels is 700 r._ Non- 
hibernating ground squirrels exposed to 800 r 
of x-ray and kept at room temperature fol- 
lowing irradiation exhibited 80% mortality 
within 10 days and 100% mortality within 
30 days after irradiation. In a group of 24 
ground squirrels, which were irradiated while 
in the hibernating state and maintained at 
5°C thereafter, no mortality was observed 
within 30 days after the administration of 
800 r. However, when 6 of these animals 
were returned to room temperature either at 
2 weeks or at 4 weeks after irradiation, they 
developed the typical radiation syndrome and 
died within 10 days. Thus the ultimate mor- 
tality was the same as if the animals had been 
irradiated on the day that they were returned 
to room temperature and the homeothermic 
state> Similar results were obtained using 
doses of 1000 r and 1200 r of x-ray. In 2 
groups of 12 non-hibernating ground squirrels 
given 1200 r, death of all of the animals oc- 
curred within 6 days following irradiation, 
whereas in the animals given this dose while in 
hibernation and maintained in hibernation fol- 
lowing irradiation, no deaths occurred within 
30 days after irradiation. However, when 6 of 
the hibernating, irradiated ground squirrels 
were returned to room temperature all of 
these animals died within 6 days. 

When 12 ground squirrels were irradiated 
while in the non-hibernating or homeothermic 
state and then maintained at 5°C, none of 
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the animals went into hibernation and these 
animals exhibited only a slight prolongation 
of survival time as compared with non-hiber- 
nating animals maintained at room tempera- 
ture following irradiation. It is thus clear that 
maintaining the animals at a low environ- 
mental temperature following x-irradiation 
does not prolong the survival time in this spe- 
cies. In order to obtain the increased survival 
time following x-irradiation it is necessary that 
the animals be in hibernation during the irra- 
diation and remain in hibernation following 
the exposure to x-ray. In the few instances in 
which the hibernating, irradiated ground 
squirrels spontaneously came out of hiberna- 
tion after irradiation the animals did not re- 
turn to the poikilothermic state and died 
within a few days even though they were 
maintained at 5°C. The prolonged survival 
time observed in the hibernating, irradiated 
ground squirrels did not alter the ultimate 
mortality of these animals, however, since 
even those animals in which hibernation was 
not spontaneously nor artificially terminated 
eventually died. Deaths began in these ani- 
mals on the 54th day after 800 r, on the 
42nd day after 1000 r, and on the 38th day 
after 1200 r of x-ray. It, therefore, appears 
that although the development of sufficient 
radiation injury to cause death of the animals 
is markedly delayed by hibernation, it is not 
prevented. 

Measurements of the body weights of ir- 
radiated ground squirrels were used as an 
indication of the response of the hibernating 
and non-hibernating animals to various doses 
of x-ray. The results of body weight meas- 
urements following 800 r of x-ray are shown 
in Fig. 1, in which each value on the curves 
represents the average for at least 12 animals. 
From these data it may be seen that ground 
squirrels which were irradiated while in hiber- 
nation and maintained at 5°C thereafter lost 
about the same amount of weight as did non- 
irradiated hibernating controls. When these 
irradiated animals were returned to the 
homeothermic state by placing them at room 
temperature a rapid decrease in weight oc- 
curred terminating with death of the animals. 
Ground squirrels given 800 r while in the 
homeothermic state and maintained at room 


369 


30 


PER CENT LOSS IN BODY WEIGHT 


40 


O 10 20 30 


DAYS 
FIG. 1. Effects of hibernation and x-irradiation 


(800 yr) on body wt of ground squirrels (Citellus 
tridecemlineatus). A. Unirradiated, hibernating. B. 
Irradiated during hibernation and maintained 
thereafter at 5°C. C. Maintained in homeothermiec 
state during and following irradiation. D. Irrad- 
iated while in the homeothermic state at room 
temperature and maintained at 5°C after irrad 
jation. 


temperature following the irradiation exhib- 
ited a rapid decline in body weight. Thus the 
changes in body weight supported the mor- 
tality data and indicated that radiation dam- 
age is markedly retarded in irradiated, hiber- 
nating animals. 

Discussion. . The initial chemical events 
such as the production of free radicals or the 
direct alteration of biological compounds by 
ionizing radiations are probably not influ- 
enced by temperature differences of the mag- 
nitude seen in hibernating and non-hibernat- 
ing ground squirrels. Evidence in support of 
this statement was obtained in this investiga- 
tion by the observation that although hiber- 
nation markedly prolonged the survival time 
of x-irradiated ground squirrels it did not 
influence the ultimate mortality of these ani- 
mals. This finding was interpreted as mean- 
ing that the same initial events occurred in 
both the hibernating and _ non-hibernating 
animals on exposure to x-irradiation, but that 
in the hibernating animals the repercussions 
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of this initial damage are not manifested to 
the same degree as in the normal animal. The 
marked lowering of the metabolic rate during 
hibernation is apparently responsible for the 
prolongation of the survival time in the ir- 
radiated, hibernating animals either through 
postponing the tissue damage or by markedly 
slowing the rate of disruption of the cellular 
metabolic processes by x-ray. Studies by 
Smith and Grenan(3) have indicated that at 
least some of the blood changes characteris- 
tically seen after x-ray, do not occur while 
irradiated woodchucks and marmots are in 
the hibernating state. Petersen and DuBois 
(6) found that lethal doses of x-ray produce 
an increase in the activity of alkaline phos- 
phatases of the spleens of ground squirrels. 
The amount of increase in enzyme activity 
was less in hibernating, irradiated animals 
than in non-hibernating animals receiving the 
same dose of x-ray. 

The results of this investigation showed 
that ground squirrels irradiated while in the 
homeothermic state and maintained there- 
after at 5°C failed to exhibit any significant 
prolongation of survival time. It seems likely 
that the inability of irradiated ground squir- 
rels to undergo hibernation with a consequent 
decrease in metabolic rate accounts for this 
lack of protection. It has been demonstrated 
that amphibians(5) kept at low temperatures 
after x-irradiation exhibit a prolonged sur- 
vival time. Thus if it were possible to induce 
hibernation and the coincident lowering of 
the metabolic rate immediately following ir- 
radiation, a protective effect might be noted 
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in ground squirrels irradiated while in the 
non-hibernating state. Extension of the re- 
sults of this investigation may provide fur- 
ther insight into the mechanism of radiation 
lethality. 

Summary. The LDso of x-ray for non- 
hibernating ground squirrels (Citellus tride- 
cemlineatus) is approximately 700 r. Non- 
hibernating animals given 800 r of x-ray ex- 
hibited over 80% mortality within 10 days. 
Ground squirrels irradiated while in hiber- 
nation and maintained in the hibernating 
state following irradiation exhibited no mor- 
tality within 30 days following exposure to 
x-ray, but when these animals were returned 
to the homeothermic state either at 2 weeks 
or at 4 weeks after irradiation, death ensued 
within 10 days. Animals which were main- 
tained in hibernation following lethal doses of 
x-ray eventually succumbed, although sur- 
vival was greatly prolonged. Thus, while 
hibernation markedly increased the survival 
time in this species following lethal doses of 
x-ray, it did not alter the ultimate mortality. 
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Little is known concerning the exact re- 


* This investigation was supported by grants 
from Lederle Laboratories Division of American 
Cyanamid Corp. and the Division of Research 
Grants of the National Institutes of Health, Public 
Health Service. 


quirement for growth of the Donovan body 
(Donovania granulomatis). Anderson(1) re- 
ported the cultivation of the Donovan body 


+.A preliminary report was presented at the 
meeting of Fed. Am. Soc. for Exp. Biol., New York 
City, April 14-18, 1952. 
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in the yolk sac of the chick embryo, and later 
(2), on the embryonic yolk alone. Dunham 
and Rake(3) and Rake and Oskay(4) were 
able to grow the Donovan body on slants con- 
sisting of tryptose-beef heart infusion broth, 
Leventhal’s stock broth and agar but did not 
obtain luxuriant growth. Dienst and asso- 
ciates(5) developed a medium containing fresh 
egg yolk, Bacto-peptone, Bacto-tryptone, dex- 
trose, sea salt and agar in which luxuriant 
growth of the Donovan body was obtained. 
In a recent investigation of the bacteriological 
behavior of \D. granulomatis, Goldberg, 
Weaver and Packer(6) studied the unknown 
factor found in fresh egg yolk required by the 
organism for growth. The factor varied in 
amount in eggs from different sources and 
seemed to be most abundant in eggs from 
chickens on a “natural diet,” although it was 
also found in infertile duck, goose and turkey 
eggs. These investigators were able to extract 
with Locke’s solution from chicken egg yolk 
(coagulated at 80-85°C for 10 minutes) an 
active material which gave a positive biuret 
and Molisch test and was not filterable through 
an ultrafilter. None of the following sub- 
stances would replace egg yolk to support 
growth of the Donovan body: rabbit liver 
extract, grass extract, 1% yeast extract 
(Difco), rabbit liver extract with 1% gastric 
mucin, thiamin hydrochloride, cystine, as- 
paragine, biotin, pimelic acid and a synthetic 
medium containing casamino acids, glucose, 
cystine, tryptophan, asparagine, uracil, ade- 
nine, guanine. xanthine, pantothenic acid, ribo- 
flavin, nicotinic acid, biotin, pyridoxine, folic 
acid, 
benzoic acid. On comparison of the mor- 
phology of the Anderson and Dienst strains 
of D. granulomatis, Goldberg and associates 
found differences in morphology resulted from 
differences in the media used by these investi- 
gators. 

The present paper is concerned with a study 
of the factors found in egg yolk which are 
necessary for the growth of the Donovan body. 

Experimental. In general, all procedures 
used in this study were repeated 3 or more 
times with consistent results. The eggs used 
were day-old eggs from a reliable source which 
supplied eggs with a high content of the 


thiamin hydrochloride and p-amino-' 
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growth factor. Assay procedure. The prepa- 
ration to be tested is dissolved or suspended in 
sufficient fluid to make 100 ml and then is 
added in place of the diluted egg yolk to the 
medium of Dienst e¢ al.(5).+ The pH of the 
medium is adjusted to between 7.2 and 7.4 and 
the preparation is sterilized by autoclaving at 
15 lb pressure for 15 minutes. Two of the 
tubes containing 5 ml each of the medium to be 
tested are inoculated with 1/10 ml from a 
2-day-old culture of D. granulomatis and then 
are incubated for 2 days before being similarly 
transferred to new tubes of the same medium. 
At the time each transfer is made, the extent 
of growth is determined by examining a stained 
smear made from a loopful of the culture. If 
the organism will grow luxuriantly on the test 
medium through 4 or 5 transfers, this is con- 
sidered to indicate an adequate level of the 
growth factor in the medium. The cultures of 
the Donovan body used in these studies were 
the A strain and Z strain isolated in 1947 
from active lesions of patients suffering from 
granuloma venereum and have been subcul- 
tured since that time on the medium of Dienst 
and associates(5).. The stock cultures are 
kept at incubator temperature and transferred 
3 times per week. This assay procedure proved 
to be adequate to show gross differences in 
distribution and activity for various prepara- 
tions and possible sources of the growth factor, 
although the procedure was modified at a later 
date to give results in terms of arbitrary 
“units of activity.” 


$ Bacto peptone 0.3 g, Bacto tryptone 0.3 g, 
glucose 0.3 g, sea salt or crude rock salt 0.2 g 
and agar 0.12 g. This is dissolved in 100 ml water 
and the pH is adjusted to 7.3. After autoclaving, 
the yolks from 2 fresh eggs are removed aseptically, 
diluted with 50 ml of sterile saline and added to the 
medium. The approximately 200 ml of medium 
resulting is then measured aseptically into culture 
tubes (5-6 ml to a tube). The tubes are incubated 
for 30 minutes in a water bath at 56°C after which 
they are ready for use. The portion of the medium 
other than the diluted yolk was for convenience 
termed “the basal medium” and the material to 
be tested was added to this in place of the egg yolk. 
If the volume of the substance to be tested was 
likely to be high, a double strength basal medium 
was prepared to allow for greater dilution by the 
test substance. 
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Heat stability. Growth was adequate on the 
Dienst medium which had been autoclaved at 
20 lb for 30 minutes though this resulted in 
coagulation of the egg yolk proteins and thus 
changed the physical properties of the medium 
from that of the medium as originally used. 
This and other studies of heat stability indi- 
cated that autoclaving at 15 lb pressure for 
15 minutes as done during the assay procedure 
did not result in a significant loss of the growth 
factor. This is in contrast to the results of 
Goldberg et al.(6) who observed a greater 
degree of thermal instability in the Dulaney 
medium (consisting of egg yolk and Locke’s 
solution) then was noted with the more com- 
plex Dienst medium used in the present study. 

Fractionation of egg yolk. a) Dialyzable 
constituents. Yolks from 2 eggs diluted with 
an equal volume of saline was dialyzed for 36 
hours through a collodion membrane or cello- 
phane against distilled water, saline or the 
basal medium. Neither the aqueous or saline 
dialysate added to the basal medium nor the 
basal medium dialyzed against the yolk sup- 
ported growth. 0b) A protein-free aqueous ex- 
tract of egg yolk. The yolks of 10 eggs were 
diluted with distilled water to make a volume 
of one liter. This was heated to boiling with 
constant stirring to coagulate the protein. On 
filtering with the aid of Filter-Cel, a clear 
filtrate was obtained which was concentrated 
to a small volume at a low temperature by 
vacuum distillation. In another similar experi- 
ment no Filter-Cel was used and suspended 
lipids were removed from the filtrate by ex- 
traction with petroleum ether. On assay, these 
protein-free, aqueous extracts of egg yolk 
failed to support growth of the Donovan body. 
c) Protein and lipid fractions from egg yolk. 
The yolks of 4 eggs were added with vigorous 
stirring to 200 ml of a mixture of 2 parts of 
alcohol with one part of ethyl ether at a 
temperature of 2°C. After twenty minutes 
the mixture was filtered and the precipitate 
was returned to the beaker. One hundred ml 
more of alcohol-ether mixture was added with 
stirring to the precipitate and after 15 minutes 
the mixture was again filtered. After 3 more 
such washings, the precipitate was placed in 
a vacuum desiccator over CaCly to remove the 
last traces of ether. The alcohol-ether mix- 
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ture used in the process was evaporated to dry- 
ness and the last traces of ether removed in a 
similar fashion, since small amounts of ethyl 
ether inhibit growth of the Donovan body. 
The lipid fraction failed to support growth of 
the Donovan body while the medium contain- 
ing the precipitated protein fraction produced 
luxuriant growth. The dried protein fraction 
still retained the growth factor after 3 months 
at room temperature. After a year such a 
preparation was no longer active. Long con- 
tinued extraction of the protein fraction in a 
Soxhlet extractor with successive portions of 
alcohol, ethyl ether, and petroleum ether did 
not effect the growth-promoting activity of 
the protein fraction. d) Separation of yolk 
proteins. Lipovitellin, vitellin and lipovitel- 
linin were separated from egg yolk as de- 
scribed by Alderton and Fevold(7) and Fevold 
and Lausten(8), except that a Spinco prepara- 
tive model ultracentrifuge was used rather 
than the Sharples super centrifuge. In the 
preparation of phosvitin the procedure of 
Mecham and Olcott(9) was used. The other 
proteins of the yolk were not isolated but were 
tested in fractions removed in the process of 
isolating the proteins mentioned above. The 
vitellin preparation contained the major pro- 
portion of the activity of the yolk. The other 
fractions either were inactive, or of compara- 
tively low activity. 

Effects of hydrolysis upon the growth factor. 
a) Acid hydrolysis. An active nearly lipid- 
free preparation of the total proteins of egg 
yolk was hydrolyzed with 5 N sulfuric acid 
by heating in an autoclave for 16 hours at 
15 lb pressure. The sulfate was precipitated 
with barium hydroxide and the filtrate con- 
centrated to a small volume. This preparation 
proved to be inactive. Milder hydrolysis of 
egg yolk protein by autoclaving with 1 N HCl 
for one hour similarly destroyed the growth 
promoting activity of the yolk; }) Alkaline 
hydrolysis of the yolk with 1 N NaOH for 
one hour also destroyed the activity of the 
yolk; c) Enzymatic hydrolysis. Egg yolk was 
aseptically added to a sterile trypsin solution. 
Incubation at 37° for 2 days resulted in a loss 
of activity. 

Other possible sources of the growth factor. 
A number of other possible sources of the 
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growth factor were tested including beef serum, 
chicken liver and various commercial liver 
extracts, milk, casein, dried whey, whole dried 
yeast and yeast extracts, and spinach. A 
mixture of vitamins and amino acids’ was 
tried in total and in part with various combi- 
nations and at different levels. None of these 
supported growth. 

Summary. The studies described indicate 
that the growth factor in egg yolk required by 
Donovania granulomatis is non-diffusible and 
was destroyed by hydrolysis with acid, alkali 
or a crude trypsin preparation. The activity 
was found in the protein fraction of the yolk, 
and on separation of the yolk proteins, the 
major portion of the activity was associated 
with the vitellin. The factor required for 


§ The mixture of growth factors contained: 
adenine 1 mg, guanine 1 mg, uracil 1 mg, xanthine 
1 mg, asparagine 1 mg, nicotinic acid 10 yg, inositol 
10 wg, p-aminobenzoic acid 10 wg, riboflavin 40 
wg, thiamin hydrochloride 40 wg, calcium panto- 
thenate 40 wg, pyridoxin hydrochloride 40 ug, 
biotin 0.1 wg, folic acid 0.1, wg, L-histidine monohydro- 
chloride 0.3 g, 1t-lysine monohydrochloride 0.6 g, 
pL-tryptophan 0.35 g, pt-phenylalanine 1 g, DI- 
threonine 0.5 g, pL-methionine 0.5 g, t-leucine 0.5 
g, pt-isoleucine 0.6 g, pui-valine 0.5 g and L- 
arginine monohydrochloride 08 g. 


373 


growth does not seem to be any one of a 
number of well known growth factors which 
were tested, and furthermore, several other 
materials considered to be good sources of 
growth factors when used to replace egg yolk 
in the medium would not support growth of 
D. granulomatis. 


Elizabeth Martin and Agnes C. Redfearn gave 
technical assistance in this study. 
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Adrenal Function Tests in Mice Sensitized to Histamine with Hemophilus 
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(Introduced by W. M. McCord.) 


From the Departments of Bacteriology and Biochemistry, Medical College of S. Carolinia, 
Charleston, S. C. 


Both adrenalectomized mice(1) and mice 
inoculated with Hemophilus pertussis vac- 
cine(2) are more susceptible than normal 
animals to the lethal effects of histamine, of 
certain bacterial vaccines, and, of anaphylac- 
tic shock. Pertussis-inoculated mice can be 
protected by cortisone from the fatal effects 
of subsequent injections of histamine or per- 
tussis vaccine(3). Cortisone likewise restores 


* Aided by a grant from the National Institutes 
of Health. 


the resistance of adrenalectomized animals to 
histamine(4). In view of the similar re- 
sponses of pertussis-inoculated and adrenalec- 
tomized mice to the materials mentioned, it 
seemed possible that pertussis vaccine might 
have an injurious effect on adrenal function. 
The measurement of adrenal function in mice 
by direct assay of the hormone in body fluids 
is not feasible. However, indirect indices of 
adrenal function may be employed. Winters, 
Schultz, and Krehl(5) measured liver glyco- 
gen deposition in fasting rats after ACTH as 
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an index of adrenal function. However, in 
our experiments with both normal and per- 
tussis-inoculated mice, it was found that this 
method gave variable results. In one experi- 
ment, ACTH would cause a significant rise in 
liver glycogen; the following day, the same 
dose of ACTH injected in a similar group of 
animals would have no observable effect on 
liver glycogen. Much more consistent results 
were obtained by a procedure which tested 
the ability of mice in the fasting state to 
maintain their liver glycogen at reduced 
atmospheric pressures. Evans has demon- 
strated that rats fasted for 24 hours at % 
atmospheric pressure do not lose their liver 
glycogen store as do normal fasted animals 
(6). Liberation of adrenal steroids was 
shown to be essential for this endogenous car- 
bohydrate formation(7). 


Materials and methods. Adult male white 
mice weighing 17 to 23 g were employed. 
The animals were bred in our laboratory and 
originated from a strain purchased from 
Tumblebrook Farms. A group of mice was 
injected with 0.2, 0.1, and 0.1 ml of HW. per- 
tussis vaccinet on 3 successive days. Six days 
after the last injection, 4 of the pertussis- 
inoculated mice and 4 uninoculated animals 
were challenged intraperitoneally with 50 
mg/kg of histamine dihydrochloride. If all 
pertussis-injected mice died and all control 
uninoculated mice survived, the remaining 
pertussis-injected animals were considered to 
be histamine-sensitive. The LD; 9 of hista- 
mine dihydrochloride in pertussis-inoculated 
mice was found to be 4.7 mg/kg, and, in un- 
inoculated mice, 570 mg/kg. Histamine- 
sensitive and histamine-resistant mice were 
placed in separate compartments in a glass 
desiccator. Air was removed by a vacuum 
pump and the desired pressure in the cham- 
ber was obtained by adjusting an air intake 
valve. Experiments were run at either 380 
or 278 mm Hg. At 380 mm Hg, the ventila- 
tion through the chamber was 7.9 liters per 
minute; at a pressure of 278 mm Hg, 5.1 
liters per minute. Experiments were per- 
formed at room temperature, which varied 


t Contained 50 billion organisms /ml. 
by Sharpe & Dohme, Inc. 
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TABLE I. Effect of Pertussis Vaceine Inoculation 
and Low Atmospheric Pressure on Liver Glycogen 


of Mice. 
Liver 
Mice Pressure glycogen* 
Group (No.) (mmHg) (mg %) 
I Uninoculated mice 
a Uninoculated fed alba At 1881+357 
3 fasted 5 4 106+ 29 
is ve 5 380 1272+ 75t 
b e fed 5 At 2212+521 
a fasted 5 NY 196+ 48 
we ‘ 6 278 24424-3304 
II Pertussis-injected animals 
Pertussis-inoc. fed 6 At 2215+300 
” fasted 5 2 380+ 98 
Idem 5 380 1256+167¢t 
9 6 278 Died 


* Data expressed as mean with S.E. 

+ A = Atmospheric. 

t Indicates statistical significance (p=.01) when 
compared with respective fasted controls at atmos- 
pherie pressure. 


from 60° to 70°F. Pressures were reduced 
gradually over a 30-minute period. No food 
or water was available to the animals during 
their 24-hour period under reduced pressure. 
At the end of this time, atmospheric pressure 
was restored, the mice were taken from the 
chamber, and their livers were removed under 
sodium pentobarbital anesthesia. The organs 
were then weighed, hydrolysed with 30% 
KOH and analyzed for glycogen by the 
method of Seifter ef al.(8). Controls con- 
sisted of mice fasted at atmospheric pressure 
for 24 hours as well as mice at atmospheric 
pressure which had been fed. 

Results. The data in Table I indicate that 
at an air pressure of 380 (oxygen tension of 
76 mm Hg) both pertussis-inoculated and 
uninoculated mice in the fasting state main- 
tained liver glycogen levels (1256 + 167 mg 
% and 1272 + 75 mg %) significantly 
greater than the levels (380 + 98 mg % 
and 106 + 29 mg %) of fasted controls at 
atmospheric pressures. At 278 mm Hg the 
liver glycogen of uninoculated fasted animals 
was 2442 + 330 mg % as compared with 
2212 + 521 mg % for uninoculated fed ani- 
mals at atmospheric pressure and 196 + 48 
mg % for uninoculated fasted animals at 
atmospheric pressure. Although the glycogen 
values of uninoculated fasted animals kept for 


_ 24 hours at 278 mm Hg reached levels com- 
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parable with fed animals at atmospheric 
pressure, 6 of 6 pertussis-inoculated mice 
did not survive 24 hours at 278 mm Hg, the 
majority of animals succumbing within a few 
hours after exposure. 

In 2 succeeding experiments in which equal 
numbers of pertussis-inoculated and uninocu- 
lated mice were placed in the low pressure 
chamber at 278 mm Hg for 24 hours similar 
results were obtained. It was found that 17 
of 18 uninoculated mice survived a pressure 
of 278 mm Hg for 24 hours. Only 3 of 18 
pertussis-injected animals remained alive un- 
der these conditions. The difference between 
these groups is a significant one (p = <.01). 

Discussion. It is apparent from these ex- 
periments that under moderate anoxic condi- 
tions (380 mm Hg) the adrenals of pertussis- 
injected, fasted mice function as well as those 
of uninoculated fasted animals with respect 
to the maintenance of liver glycogen above 
the fasting level of control mice. However, 
under more severe anoxic conditions (278 mm 
Hg) the survival ability of the pertussis- 
inoculated mouse, like that of an adrenalecto- 
mized animal(1), is low. 

Although cortical extract will restore the 
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lowered susceptibility of the adrenalectomized 
animal to the lethal effects of reduced oxygen 
tension(1), experiments employing ACTH, 
cortisone and aqueous adrenal extracts in 
order to increase the resistance of pertussis- 
inoculated mice to anoxia have thus far been 
unsuccessful. 

Summary. An increase in liver glycogen 
occurred in both fasting uninoculated and 
fasting pertussis-inoculated mice when ex- 
posed to 4 atmosphere pressure for 24 hours. 
Exposure at 3g atmosphere for 24 hours 
killed 17 of 18 pertussis-inoculated mice and 
only 3 of 18 uninoculated animals. 


1. Pincus, G., and Thimann, K. V., The Hormones, 
Academic Press, New York 1950. 

2. Kind, L. S., J. Immunol., 1953, v70, 411. 

Be , J. Allergy, 1953, v24, 52. 

4. Halpern, B. N., Benacerraf, B., and Briot, M., 
Proc. Soc. Exp. Bror. anp Mep., 1952, v79, 37. 

5. Winters, R. W., Schultz, R. B., and Krehl, 
W. A., Endocrinol., 1952, v50, 388. 

6. Evans, G., Am. J. Physiol., 1934, v110, 273. 

7. Ibid., 1936, v114, 297. 

8. Seifter, S., Dayton, S., Novic, B., and Munt- 
wyler, E., Arch. Biochem., 1950, v25, 191. 


Received September 11, 1953. P.S.E.B.M., 1953, v84. 


Prevention of Toxic Effects of Injected Thromboplastin by 


“Thromboplastinase”. 


9 


(20650) 


D.C. ScHEcHTER, F. E. Kapran, D. FELDMAN, S. GOLLUB, AND D. R. MERANZE. 
From the Research Department, Albert Einstein Medical Center, Philadelphia, Pa. 


Intravenous injection of thromboplastic sus- 
pensions in experimental animals has been 
reported to cause ataxia, convulsions and 
death(1,2). These effects have been pre- 
vented by prior injection of several agents such 
as rabbit serum, heparin, and congo red(4), 
soybean trypsin inhibitor(5), monosodium 
alpha tocopherol phosphate, and inositol phos- 
phatide(6). The morbid or lethal effects of 
injected thromboplastin have been attributed 
to thromboembolism (1-3). 


Our laboratory recently reported on a new 


* Supported in part by a grant from the National 
Institutes of Health. 


bacterial enzyme, “thromboplastinase” which 
caused a marked reduction of thromboplastic 
potency of tissue suspensions im vitro. Its 
preparation, properties, and mode of action 
have been described(7). In this paper we 
wish to report the effect of ‘thromboplastin- 
ase” on the toxicity of injected thromboplastic 
suspensions. 

Materials and methods. Active, stable, re- 
producible rabbit brain or human brain throm- 
boplastic suspensions(8) were used except 
when indicated. The saline extract of acetone- 
dried tissue contained finely divided, sus- 
pended material. Such suspensions were vari- 
ously treated before injection into animals: 
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1) Boiled thromboplastic preparations were 
made by keeping the above suspensions in a 
100°C water bath for 30 minutes, which re- 
duced thromboplastic potency from 13 seconds 


to 40 seconds (one-stage prothrombin time).: 


2) An enzyme-inactivated thromboplastic 
preparation (ATP) was made by incubating 
the original suspensions with ‘“‘thromboplastin- 
ase” at 37°C for various periods. Such treat- 
ment progressively rendered the thrombo- 
plastic suspensions less potent. 3) Active 
thromboplastic preparation received no treat- 
ment other than refrigeration. These 3 types 
of suspensions were finally centrifuged at high 
speed (R.C.F. 20,000 G) for 3 hours, and the 
sediment resuspended to its original volume 
with 0.85% NaCl. All suspensions were sub- 
jected to the Potter homogenizer in an attempt 
to reduce and control particle size. There 
was no CaCl, in the suspensions used for in- 
jection. Potency of the thromboplastic sus- 
pensions was tested using a modification(9) of 
the Quick one-stage method, with normal hu- 
man oxalated plasma. Concentrations of 
“100%” (z.e. undiluted) thromboplastin clot- 
ted such plasma in 12-13 seconds, while clot- 
ting times of 40 seconds were obtained with 
suspensions diluted to 1% with normal saline. 
Experimental animals employed in this study 
were male albino rabbits weighing about 1% 
kg. The injected materials were pre-warmed 
to 37°C. Rapid injections of “thromboplastin- 
ase” were made in one marginal ear vein. In- 
jections of the thromboplastins were made in 
the marginal vein of the opposite ear. A posi- 
tive reaction to injected materials usually oc- 
curred within 1-2 minutes after injection. All 
animals were observed for a maximum of 10 
minutes, at the end of which time the reaction 
of those failing to exhibit ataxia and con- 
vulsions was considered negative. Two gen- 
eral procedures were employed whereby 
“thromboplastinase” could effect the toxicity 
of injected thromboplastic suspensions: 1) 
Incubation of thromboplastin with ‘‘thrombo- 
plastinase” (formation of ATP) prior to in- 
jection. 2) Injection of ‘‘thromboplastinase” 
into experimental animals prior to injection of 
active thromboplastin. 

Results. Injection of active thromboplastic 
suspensions was observed to cause ataxia, con- 
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TABLE I. Showing Toxicity of Rabbit Brain, 
Human Brain and Boiled Human Brain Thrombo- 
plastin; note that boiled human brain thromboplas- 
tin with very low clotting potency was approxl- 
mately as toxic as untreated thromboplastin. 


Clotting Dose, # 
ec/kg animals Deaths 


Material time, sec. 

Rabbit* ; 12 25 2 0 
5) 8 0 

a f 2 

1.0 11 10 

1.25 4 4 

1.5 2 2 

2.0 + 4 

3.0 4 7 

Human* 12 25 2 0 
35) 6 4 

1.0 4 4 

1.5 2 2 

Boiled human* 40 25 2 0 
3) 2 0 

1.0 2 2 


* Brain thromboplastin. 


TABLE II. Comparison of the Toxicity of Fresh 
and Enzyme-Inactivated Thromboplastin at Var- 
ious Doses. 


; Materials injected 
Fresh rabbit brain Enzyme inactivated 


thromboplastin thromboplastin 
Craze OT 40” 

Dose, No. No. 

ec/kg rabbits Deaths rabbits Deaths 
Vy 4 0 = = 
34 4 2 2 0 
1 4 3 2 0 
1% 4 4 — — 
2 4 4 2 0 
24% -= — 2 9 
3 + 4 2 0 
4 -= —- 2 0 
5 — — 2 0 


* CT = Clotting time. 


vulsions and death as others have previously 
reported. The approximate least toxic dose 
of the thromboplastic suspensions was deter- 
mined prior to each experiment. Table I 
shows a representative toxicity chart for un- 
treated rabbit brain, human brain and boiled 
human brain thromboplastin. The least lethal 
dose in all cases was found to vary between 
¥2 cc/kg body wt and 1 cc/kg body wt, de- 
pending on the materials used. 

In Table IT it can be seen that prior incuba- 
tion of thromboplastin with “thromboplastin- 
ase” resulted in a ATP which was nontoxic 
when subsequently injected. The toxicity 
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TABLE III. Results of Typical Experiment in 

Which Thromboplastin, 1 ce/kg Body Weight, Was 

Injected Intravenously 5 Min. after Administration 
of the Enzyme. 


Cone. throm- 


boplastinase, No. of 
ny: mg/kg Rabbits fatalities 
Intray. d5mg/kg: heat 3 3 
inactivated 
0.85% NaCl 2 2 
1 mg/kg 2 2 
2 2 2 
3 2 2 
5 5 0 
10 2 0 
Intramuse. 5 2 2 
Subcut. 5 2 2 


of “thromboplastinase” was very low. It 
was tolerated in doses up to 10 times that 
required to exert a protective effect. In 
such doses, its effect on blood clotting (One- 
stage), blood pressure, and smooth muscle 
tone of the experimental animal was negligible. 
When active “thromboplastinase” was admin- 
istered before the injection of human brain 
thromboplastin, no deaths occurred after 
an effective ‘“thromboplastinase” dose was 
reached. Table III shows a typical experi- 
ment where the injection of “thromboplastin- 
ase” was followed in 5 minutes by an injection 
of 1 cc/kg body wt rabbit brain thrombo- 
plastin. It can be seen that 5 mg/kg of the 
crude enzyme was sufficient to prevent toxic 
effects. Similar results were noted using hu- 
man brain thromboplastin and boiled human 
brain thromboplastin as toxic agents. 


Intramuscular and subcutaneous injections 
of ‘thromboplastinase”’ exerted no protective 
action in the 5 mg/kg concentration. Heat- 
inactivated ‘thromboplastinase” exerted no 
protective effect. 

The interval between the injection of 
‘thromboplastinase” and the subsequent injec- 
tion of thromboplastin necessary for effective 
protection from the lethal effects of thrombo- 
plastin varied with the enzyme preparation. 
In Table IV the effective time of one “‘throm- 
boplastinase” preparation is seen to be 90 
seconds. Other ‘‘thromboplastinase” prepara- 
tions have exhibited the protective effect when 
only 15 seconds were allowed to elapse between 
injections of the enzyme and thromboplastin. 
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Discussion. The observation that injection 
of thromboplastically active tissue suspensions 
are toxic to experimental animals has been 
confirmed on rabbits using tissue from the 
same species and from other species. No 
gross difference between species was observed 
when their thromboplastic potency was ap- 
proximately equal. It was striking, however, 
to note that boiled human brain thrombo- 
plastic suspension with almost all thrombo- 
plastic activity lost still retained its full toxi- 
city as an injected suspension. Chargaff has 
presented evidence that thromboplastin is a 
phospholipoprotein(10). One interpretation 
of the effect of boiling such thromboplastic 
suspensions is that although the protein 
moiety was probably denatured, the lipid 
moiety remained effective. If this were so, 
one might be led to conclude that the lipid 
moiety played an essential role in the toxic 
reactions initiated by injection of thrombo- 
plastic suspensions, while the protein portion 
of the phospholipoprotein was either non-es- 
sential or could be replaced by some material 
in vivo. Unless some reservation such as the 
latter were true, it would appear that there is 
no necessary correlation between thrombo- 
plastic potency and toxicity, since it has been 


TABLE IV. Effect of Time Interval between 

Intravenous Injection of Thromboplastinase (5 

mg/kg) and Intravenous Injection of Human 

Brain Thromboplastin (Clotting Time 13 Seconds) 
on Toxie Reaction to Thromboplastin. 


Interval between 
‘¢thromboplastin- 
ase’? and throm- 


boplastin inj., sec. Result 
0 Both developed ataxia, convul- 
sions and death 
30 Idem 
45 1 showed no reaction 


1 developed ataxia, convulsions, 
paralysis, death 


60 1 showed no reaction 
1 developed ataxia, paralysis, 
but recovered 
90 Both no reaction 
120 vA 
150 2 
180 


Injections of 5 mg/kg crude ‘‘thromboplastin- 
ase’? followed at intervals by least toxic dose of 
human brain thromboplastin (clotting time 13 sec). 
2 rabbits in each exp. 
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shown that poorly potent thromboplastic sus- 
pensions (boiled thromboplastin) can have the 
same approximate minimal lethal dose as 
potent thromboplastic suspensions. On _ the 
other hand, 2 tissue suspensions of equally 
poor thromboplastic potency have been shown 
to have widely divergent least toxic doses: 
boiled thromboplastin, clotting time = 40” 
or more which was highly toxic: A thrombo- 
plastin, clotting time — 40”, which was non- 
toxic. 

The fact that thromboplastic suspensions 
incubated with ‘“thromboplastinase”’ lost both 
their thromboplastic potency as well as their 
toxicity would seem to support the interpreta- 
tion that these two properties are functionally 
correlated. It has been shown elsewhere(11) 
that “‘thromboplastinase” probably exerts its 
action on the lipid moiety of thromboplastin 
which seems to be associated with the Folch 
inositol phosphatide fraction. It has been 
further demonstrated that as a result of 
“thromboplastinase” action, an organic phos- 
phorus moiety is split from thromboplastin 
ey 

It is noteworthy that boiling thromboplastin 
does not lead to a diminution of the amount 
of phosphorus splittable by ‘“thromboplastin- 
ase”’(11). This observation would seem to 
support our interpretation (above) that the 
lipid moiety of thromboplastin is essential for 
the production of toxic reactions. 

The manner in which pre-injected ‘“‘throm- 
boplastinase” protects animals against the 
toxic effects of injected thromboplastin is diffi- 
cult to explain at present, in view of the 
rapidity with which the ‘“thromboplastinase” 
afforded protection. Thromboplastinase in 
vivo seems to exert its protective action almost 
immediately. Jn vitro, however, destruction 
of thromboplastin by ‘‘thromboplastinase” in 
the concentrations used followed a much 
slower course. 

Although we cannot interpret this effect, it 
seems clear that “thromboplastinase”’ is effec- 
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tive in preventing in rabbits the lethal effect of 
injected thromboplastin by a mechanism that 
awaits clarification. 

Summary. 1. Loss of potency of tissue 
thromboplastic suspensions due to “thrombo- 
plastinase” action results in a concomitant 
loss of toxicity. Loss of potency by boiling 
does not alter the toxicity of thromboplastin. 
It would appear that the lipid moiety of throm- 
boplastin may be essential for the production 
of toxic reactions. 2. Prior intravenous injec- 
tion of “thromboplastinase” into rabbits pro- 
tected the animals against the otherwise mor- 
bid or lethal effects of subsequent injections of 
a minimal toxic dose of thromboplastin. Heat- 
inactivated ‘“thromboplastinase” did not in- 
duce this protection. 3. Active ‘“thrombo- 
plastinase”’, in doses up to 10 times that needed 
for protection, was observed to cause no un- 
toward reactions in the animals. 4. The 
mechanism of the protective effect im vivo, 
seems to be different from the in vitro destruc- 
tion of thromboplastin by “thromboplastin- 
ase”. The nature of this effect is presently 
under investigation. 
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Comparison of Hypotensive and Emetic Dosages of Cryptenamine and 


Other Veratrum Extracts in Humans.* 


FRANK A. FINNERTY, JR. 


(20651) 


(Introduced by Edward D. Freis.) 


From the Department of Medicine, Georgetown University School of Medicine, the Georgetown 
and George Washington University Obstetrical Divisions, the Gallinger Municipal Hospital, 
Washington, D. C. 


Various alkaloids of the Veratrum’ group 
have been shown to exhibit a close relation- 
ship between the amount required to lower 
blood pressure and that required to produce 
emesis.(1) Recently, however, the alkaloid 
Cryptenamine, isolated from veratrum viride, 
was shown in animal investigations to have 
a ratio of approximately 4:1 in regard to hypo- 
tensive and emetic dosages.(2) It was de- 
cided, therefore, to determine whether this 
alkaloid exhibited a similar divergence be- 
tween the hypotensive and emetic dose in 
the human. 

Materials and methods. Fifty-one hospital- 
ized patients received various extracts of 
veratrum viride administered intravenously, 
and 386 patients received the same extracts 
intramuscularly. In the intravenous group, 
21 patients received Cryptenamine and 30 pa- 
tients received mixtures of the amorphous 
alkaloids of veratrum viride (15 received 
Vergitryl, and 15, Veriloid). The diagnoses 
included toxemia of pregnancy (29), hyper- 
tensive encephalopathy (14), and acute 
glomerulonephritis (8). When given intra- 
venously, 1 mg of each Veratrum extract was 
diluted with 19 cc of 5% dextrose in water, 
and the solution was given at a rate of 1 cc 
or .05 mg per minute until the first 20 mm 
reduction in systolic or 10 mm reduction in 
diastolic pressure occurred. Additional Vera- 
trum was not given for a 2 minute period in 
order to avoid a precipitous fall in blood pres- 
sure. If, after waiting 2 minutes, no further 
reduction in arterial pressure occurred, admin- 
istration was continued at a rate of .05 mg 
per minute, stopping at the first subsequent 
sign of hypotension. In eclamptic patients, 


* This investigation was supported by research 
grants from the Washington Heart Assn., Squibb 
Institute for Medical Research, New Brunswick, 
N. J., Ciba Pharmaceutical Co., Summit, N. J., 
Irwin Neisler and Co., Decatur, Ill., and Riker 
Laboratories, Los Angeles, Calif. 


administration was continued until the blood 
pressure fell below 140/90 mm Hg, and in 
other cases until the pressure fell below 
160/110 mm Hg. . Dosages were resumed 
whenever the blood pressure rose above these 
levels, and treatment was continued for from 
1 to 5 days using this intermittent intraven- 
ous technic. Of the 386 patients who received 
these Veratrum extracts intramuscularly, 97 
were given Cryptenamine, 233 received Vergi- 
tryl, and 56 received Veriloid. All the patients 
were pregnant; 283 were diagnosed as toxemia 
of pregnancy, 103 as hypertensive vascular 
disease. The dosage used was 0.5 mg re- 
peated every hour if necessary to keep the 
blood pressure under 140/90 mm Hg. The 
clinical results are given in detail elsewhere 
(3,4). 

Results. The incidence of vomiting follow- 
ing intravenous injection of the various ex- 
tracts is given in Table I. Following the 
initial injection of Cryptenamine, 4 of the 21 
patients (21%) vomited. Emesis occurred 
after the initial injection in all of the patients 
treated with Vergitryl and in all of those 
treated with Veriloid. Nine patients (43%) 
of the group given Cryptenamine developed 
vomiting when repeated injections. of the drug 
were given. Fourteen patients (93%) of 
the Vergitryl group and 13 patients (87%) 
of the Veriloid group manifested vomiting on 
repeated intravenous administration. The 
average dose of the 3 drugs was essentially 
the same. 

In contrast to these results observed after 
intravenous injection, the incidence of vomit- 
ing observed following intramuscular adminis- 
tration was essentially the same with each 
of the 3 extracts of veratrum viride (Table II). 

Discussion and conclusions. Clinical ex- 
perience with purified alkaloids of veraitrum 
prior to the synthesis of Cryptenamine showed 
that there was a relatively low incidence of 
vomiting following intramuscular administra- 
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TABLE I. Incidence of Vomiting Following Veratrum Hxtracts Administered Intravenously. 
—————No. of patients ———_—___, No. patients : 
Toxemias Hypertensive Avg showing No. patients 
of enceph- effective vomiting vomiting on 
Drug pregnancy alopathy Nephritis dose,mg on Ist inj. J repeatedinj. % 
Cryptenamine 15 4 2 3 + 21 9 43 
Vergitryl 8 4. 3 3 15 100 14 93 
Veriloid 6 6 3 4 15 100 13 87 


TABLE II. Incidence of Vomiting Following Ver- 
atrum Extracts Administered Intramuscularly. 


No. of 
No. Avg patients 
Drug patients dose,mg vomiting % 
Cryptenamine 97 a) 8 7 
Vergitryl 233 5 27 11 
Veriloid 56 5 3 7.0 


tion. When a veratrum preparation was given 
intravenously, however, though a smaller total 
dose was required to lower blood pressure 
than when it was given intramuscularly, the 
incidence of vomiting was greatly increased. 
It was observed further that vomiting occurred 
most frequently following the initial intraven- 
ous injection. 

When given intramuscularly, Cryptenamine 
resembled the other veratrum alkaloids both 
in hypotensive effect and incidence of vomit- 
ing. When given intravenously, however, it 
differed from the other alkaloids since moder- 
ately rapid administration caused significantly 
less vomiting particularly following the initial 
injection. Our data showed that none of the 


Effect of Immobilization on Oxygen Uptake of Skeletal Muscle.*t 


veratrum alkaloids were particularly emetic 
when their absorption was slowed, but that 
the receptors initiating emesis were especially 
sensitive to the sudden higher concentration 
presented to it when the drugs were given 
intravenously. It was only in this respect 
that Cryptenamine differed from the other 
alkaloids studied. It is concluded, therefore, 
that the divergence between the hypotensive 
and emetic dose of Cryptenamine reported in 
animals also exists in man, and is most 
apparent after intravenous administration 
wherein vomiting is common with the other 
veratrum alkaloids. 
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Frep L. HUMOLLER, DorotHy HATCH, FREDERICK WARE, JR., AND A. R. McINTyRE. 
From the Department of Physiology and Pharmacology, University of Nebraska College of Medicine, 


Omaha, 


It has been shown(1) that following de- 
nervation of the gastrocnemius muscle the 
cytochrome oxidase activity of this muscle 
decreased progressively with time. Since 
these findings did not agree with the results 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 

t Presented at Meeting of American Chemical 
Society, Los Angeles, Mar. 19, 1953. 
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reported by other laboratories (2-4), it seemed 
desirable to determine the effect of immobil- 
ization under conditions which would rule 
out any contributory effect of fibrillation on 
the oxygen uptake of the muscle studied. 


It also appeared desirable to approach the 
problem from the opposite angle, 7.e., to deter- 
mine the oxygen uptake of a denervated 
muscle subjected to constant passive move- 
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TABLE I. Effect of Immobilization on Cytochrome Oxidase Activity of Gastrocnemius and 
Oxygen Uptake of Diaphragm. : 


-—pl O, taken up/mg wet wt of tissue/hr—, 


Normal Tenotomized 
Days after No. of gastrocnemius gastrocnemius Mean 
operation rats Min Max Mean Min Max Mean difference* 12 
0 5 9.13 13.47 11.33 O73 128%, 11-60 + ..2 +.5 <.80 
3 8 11.00 14.13 12.53 8.47 11.33 9.87 —2.7 + .3 <.001 
5 MU, 8.00 12.27 10.80 6.33 9:33 7.93 —2.9 + 3 is 
10 7 UPS NAH 37/83 3.60 9.80 5.80 —3.9 + .2 ue 
15 a TOT” 12.8085 9°80 4.47 7.27 5.60 —4.1 + .8 <.01 
20 9 9.13 14.60 11.47 4.20 9.93 7.40 —4.1 + .5 <.001 
Qo, denervated 
Qo, normal diaphragm diaphragm 
(9.1% glucose) 
0 21 0.600) E894 a 7).3iL Drill toe Seonk  Uebxe) — .07+ .15 <.70 
5 12 TOS en SeO cae (cOn ©2975 92000 7-80 = taller Ns) <.20 
10 11 6.27 8.84 7.53 5.90 8.02 6.46 —1.07+ .29 <.01 
15 11 4.65 11.03 7.03 4.49 8.01 5.69 —1.34+ .39 aa 
20 11 6.38 9.56 7.56 AAO Alt 95259 Sie ill <.001 
Normal diaphragm Normal diaphragm 
with 0.2% glucose without glucose 
0 26 5.45 11.70 8.09 08) L386 87-91 + .25+ .14 <.10 


* Mean of differences between normal and tenotomized gastrocnemius, normal and de- 
nervated diaphragm, and normal diaphragm with and without glucose for each animal + 
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ment and compare the changes in oxygen 
utilization under these conditions with the 
changes observed following tenotomy with 
more or less complete immobility. 
Experimental. Tenotomies were performed 
on male mature albino rats as previously de- 
scribed(5). Cytochrome oxidase determina- 
tions were carried out by the method de- 
scribed earlier(1). Unilateral denervation of 
the diaphragm was performed on young rats 
(60-140 g) by making a ventral incision in 
the neck, parallel to and approximately over 
the external jugular vein. The carotid artery 
and the vagus nerve were exposed and traced 
caudally to the brachial plexus. The phrenic 
nerve, arising from the fifth cervical root, runs 
along the ventral surface of the brachial 
plexus in close proximity or sometimes even 
buried in the muscles close to the vertebral 
column. It may usually be seen with little 
difficulty as a very thin line coursing caudally 
across the brachial plexus. The respiration 
of the animals was examined to make sure 
that it was symmetrical, the phrenic nerve 
was grasped with fine forceps and evulsed. 
The respiration of the rat can immediately 


be observed to change and it is possible to 
press one’s fingers under the ribs on the 2 
sides simultaneously and feel the firm contrac- 
tion of the diaphragm on the one side and the 
lack of contraction on the other. At stated 
time intervals the rats were sacrificed by de- 
capitation and the diaphragm removed as 
quickly as possible, taking care to avoid 
traumatization, and immediately placed in 
an ice-cold buffer solution(6), containing 
0.1% glucose. Without removal from the 
buffer the diaphragm was divided along the 
midline and trimmed to remove the central 
tendon and connective tissue. Each hemodia- 
phragm was then immediately transferred to 
a chilled Warburg vessel containing the same 
buffer. The air in the reaction flask was dis- 
placed with oxygen. After temperature 
equilibration of the vessels for 15 minutes, 
the oxygen uptake was measured at 10-minute 
intervals for one hour at 37°C. Each hemi- 
diaphragm was then carefully blotted with 
filter paper and quickly weighed. For dry 
weight determination each hemidiaphragm 
was heated in an oven at 100°C to constant 
weight. 


382 


PER CENT CHANGE 


DAYS 
FIG. 1. Effect of immobilization on oxygen utili- 


zation on rat muscle. Curve 1: Rate of oxygen up- 
take of hemidiaphragms following denervation. 
Present study. Curve 2: Cytochrome oxidase activ- 
ity of homogenates prepared from gastrocnemius 
muscle following tenotomy. Present study. Curve 
3: Cytochrome oxidase activity of homogenates pre- 
pared from gastrocnemius muscle following neuro- 
tomy. See reference 1. Shaded areas represent the 
magnitude of the stand. error of the points of each 
curve. 


Results. In interpreting the results of the 
present study it should be pointed out that in 
each case the immobilized muscle was com- 
pared with the contralateral normal muscle 
of the same animal. In the normal animal 
the activity of the cytochrome oxidase system 
is relatively constant for comparable muscles 
as shown in Table I. Immobilization of the 
gastrocnemius muscle, either by neurotomy or 
by tenotomy, produces a significant and pro- 
gressive depression of the cytochrome oxidase 
system (Fig. 1). The present study, there- 
fore, confirms previous work(6) and shows 
that changes in the muscle following immo- 
bilization follow a similar course irrespective 
of the manner by which it is_ produced. 
These findings, therefore, indicate that fibril- 
lation which accompanies neurotomy is not 
the major cause of the atrophy which follows 
sectioning of the motor nerve supply as has 
been suggested(2). Following the 10th day 
postoperatively the activity of the cytochrome 
oxidase system seems to increase gradually in 
the case of the tenotomized muscle (Fig. 1, 
curve, 2), whereas, the activity of the de- 
nervated muscle (curve 3) continues to de- 
crease. This difference may be due to the 
fact that the severed tendon becomes reat- 
tached much sooner than the cut nerve re- 
generates. Similar observations have been 


OXYGEN UPTAKE oF IMMOBILIZED MUSCLES ~ 


made previously in this laboratory and else- 
where. 

Table I also shows that the Qoz of the 
denervated diaphragm decreases progressively 
and significantly with time after denervation 
although it is subjected to constant passive 
movement during the process of breathing. 
Several investigators(7) have attempted with 
varying success to influence the rate of 
atrophy following neurotomy by passive exer- 
cise or electrical stimulation, but in the dia- 
phragm of the rat at least, as the present 
study shows, constant passive exercise does 
not prevent the eventual decline in oxygen 
uptake and therefore, presumably will not 
prevent the ultimate atrophy of the muscle. 
In Fig. 1, the 2 curves representing the cyto- 
chrome oxidase activity of the immobilized 
gastrocnemius muscle of the rat show the 
most rapid decline in enzyme activity during 
the first 5 days following immobilization. 
The oxygen uptake of the denervated dia- 
phragm (curve 1) on the other hand shows 
no significant decrease until after the fifth 
day. Studies are planned to determine if this 
difference in behavior is due to a possible 
beneficial result of passive movement or due 
to the different methods of evaluating oxidative 
metabolism. 

‘While these studies were in progress Gruber 
et al.(8) reported that the oxygen uptake of 
the hemidiaphragm, denervated 10-14 days, 
was about 22% higher than that of the nor- 
mal control in the absence of glucose, but 
they found no difference when 0.2% glucose 
was added to the medium. Table I shows 
that our results do not support these findings 
but are in accord with those reported by Gil- 
more e¢ al.(9) and by Paasch and Rein- 
wein(10). 

Summary. 1. Following tenotomy of the 
gastrocnemius muscle of the rat the cyto- 
chrome oxidase activity of the muscle de- 
creases progressively. 2. The oxygen uptake 
of the denervated hemidiaphragm of the rat 
decreases with time of denervation. This 
suggests that in this tissue at least passive 
exercise does not prevent the decline in oxy- 
gen uptake, although it may retard it some- 
what. 3. The Qo of hemidiaphragms meas- 
ured in a medium containing 0.2% glucose 
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does not differ significantly from the Qos of 
hemidiaphragms measured in a glucose free 
medium. 
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Pharmacologic Differentiation Between Epinephrine- and HGF-Hyper- 
glycemias: Application in Analysis of Cobalt-Hyperglycemia.*! (20653) 


SYDNEY ELxis, Hirton L. ANDERSON, JR., AND MarGaRET C. COLLINS. 


From the Departments of Pharmacology and Pathology, Temple University School of Medicine, 
Philadelphia, Pa. 


Considerable interest has centered upon the 
hyperglycemic-glycogenolytic factor (HGF) 
and its putative role as a hormone. Since 
HGF is found in association with the alpha- 
cells of the Islets of Langerhans, definitive 
tests for a true hormonal role of HGF should 
be greatly simplified by the recent observa- 
tions(1,2) that cobaltous chloride selectively 
damages the alpha-cells. Contrariwise, the 
similarity in action of HGF and epinephrine 
(and sympathetic nerve activity) is so pro- 
nounced that methods must be at hand to 
distinguish between these hyperglycemic 
agents. The hyperglycemia produced by each 
of these agents is related to an activation of 
hepatic phosphorylase activity(3). Condi- 
tions which interfere with the action of HGF 
affect equally the action of epinephrine(3,4). 
Our observation that the adrenergic-blocking 
drug dihydroergotamine (DHE) prevents the 
effect of epinephrine on liver slices, but does 


* This work was supported in part by a research 
grant from the National Heart Institute, of the 
National Institutes of Health, Public Health Service. 

+ This paper was presented in part at Fall Meet- 
ing of Society for Pharmacology and Experimental 
Therapeutics, Yale University, New Haven, Sept. 
7-9, 1953. 


not interfere with the effect of HGF, has led 
to a practical differentiation of these two 
hyperglycemic agents im vivo. 

This paper presents evidence for the selec- 
tive blockade of the action of epinephrine on 
glucose liberation by liver slices and on blood 
sugar of the intact rabbit, under conditions 
which allow HGF to produce its usual effects. 
The information obtained on the intact rab- 
bit has been applied to determine the mechan- 
ism of the hyperglycemia which follows the 
administration of cobaltous chloride, an agent 
which selectively damages the cells in which 
HGF is found. The maintenance of normal 
blood sugar level in rabbits was not influenced 
by the conjoint effects of damaging the alpha- 
cells with cobaltous chloride, fasting, and sub- 
sequent treatment with DHE. 

Methods. Rabbit liver slices were tested as 
described by Sutherland and Cori(5). The 
tissues were usually incubated with DHE for 
30 minutes before addition of the glycogenoly- 
tic agents. In a few cases DHE itself pro- 
duced a small but significant glycogenolytic 
effect. For im vivo studies rabbits were fasted 
20-24 hours before tests. Blood samples were 
obtained from the marginal ear veins. Glu- 
cose determinations were made ad modum 
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TABLE I. Effects of DHE on the Epinephrine- and HGF-Activation of Glucose Production by 
Rabbit-Liver-Shees. 


ik seal Sal. P. Sale: DHE Salve DHE Salas DHE 
0.2 ml Sal. P. EPI Sal. P. Epi Epi HGF HGF 
mg glucose/g/90 min. 
Exp. 1 10 28 15 24 12 21 19 
2 9 25 9 22 UY Dal All 


Rabbit-liver-slices were incubated 90 min., in O., at 37°C, in mixture of 4 parts 0.9% NaCl 
and 1 part 0.1 M sodium phosphate buffer at pH 7.4 (Sal. P.). During first 30 min. the slices 
were incubated in 1 ml of either Sal. P. or Sal. P. containing 1.2:100000 DHE, and then 0.2 ml 
of Sal. P., or of lepinephrine bitartrate (1:100000, EPI; 1:1000000, Epi) or of 1:50000 HGF 
were added as indicated in table. The higher concentration of epinephrine elicited a maximal 
response which would also be observed with higher concentrations of HGF. Figures are aver- 
ages of duplicate experiments. 


TABLE II. Effects of DHE on Epinephrine- and HGF-Hyperglycemias. 


Avg blood sugar (mg %) + S.H.———_, 


Time before Time after 
No. of hyperglycemic agent 
animals —30’ 0’ 30! 60’ 
Epinephrine 8 Otel 1444+ 7 WBWee 
DHE + epinephrine 7 101 + 2 105 + 3 1b fi isis, 
HGF 8 105 + 3 145 Oe co Oye peo 
DHE + HGF 10 99+ 3 100 +3 142 + 11 138 =.10 


Nelson(6). The HGF preparation+ which 
was used was stated to have a potency of 1 
unit in 0.5 wg and less than 0.005 unit of 
insulin activity per mg. This preparation was 
named ‘glucagon’ by Staub e¢ al.(7). Some 
preliminary studies were done using an amor- 
phous insulin preparation (22 units per mg).+ 
Injections were made intravenously. The dos- 
ages in mg per kg of the drugs injected were 
as follows: 1-epinephrine bitartrate, 0.03; di- 
hydroergotamine tartrate, 0.2; HGF, 1.0; 
CoCly * 6H20, 40. When DHE was used, it 
was injected 30 min. prior to the injection of 
the hyperglycemic agent. 


Results. Differential blockade of HGF and 
epinephrine in vitro and in vivo. In order to 
determine whether DHE would interfere with 
the action of HGF upon liver slices, we have 
tested concentrations of HGF which produced 
much less than a maximum effect on glucose 
production. These conditions avoid the situa- 
tion in which a large excess of HGF could 
effectively suppress the action of a reversible 
blocking agent. In Table I it may be seen that 
when a concentration of DHE was used such 


¢ Generously supplied by Elli Lilly Research 
Laboratories, Indianapolis, through the courtesy of 
Dr. K. K. Chen. 


that the glycogenolytic effect of a sub-maxi- 
mal concentration of epinephrine was partially 
or completely blockaded, the effects of an 
equi-active concentration of HGF were not 
diminished. A preliminary note mentioned 
these im vitro results(4). The first indication 
we obtained that HGF was not antagonized 
by DHE was in some student demonstrations 
on rabbits in which DHE was used to po- 
tentiate the hypoglycemic effects of insulin. 
When these rabbits showed evidence of hypo- 
glycemic shock, epinephrine was of no benefit, 
whereas an amorphous insulin preparation 
(heated in alkaline solution to destroy insulin 
activity, but not HGF activity) appeared to 
produce a marked improvement in the condi- 
tion of the insulin-treated animals. 

A group of fasted rabbits were tested for 
their blood sugar response to the purified 
HGF preparation and to epinephrine, with or 
without prior treatment with DHE. The re- 
sults are summarized in Table II. These 
results clearly demonstrated that the HGF- 
hyperglycemia was resistant to blockade by 
a dosage of DHE which completely suppressed 
epinephrine-hyperglycemia. These results 
indicated that a clear differentiation of the 
hyperglycemic effects of HGF and epinephrine 
could be made with the use of DHE. Since 
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TABLE III. Effect of DHE on Cobaltous Chloride Hyperglycemia. 


7 Avg blood sugar (me’%) + S.E. —————_,, 


No. of Time before Time after cobaltous chloride 

tests —30’ 30’ 60! 120’ 
CoCl 7 9544 1444-12 © 164216 1392-49 
DHE + CoCl, "ef 95 + 5 95 + 6 95+ 6 Ca if 944+ 8 


the HGF-hyperglycemia was not influenced 
by DHE, the release of HGF from stimulated 
or damaged alpha-cells should result in a 
hyperglycemia in the DHE-treated rabbit. 

Blockade of cobalt-hyperglycemia by DHE. 
An interesting application of the above infor- 
mation was suggested by a recent paper on 
the effects of cobaltous chloride on the blood 
sugar and alpha-cells of the pancreatic islets 
by Goldner, Volk, and Lazarus(1). The hyper- 
glycemia produced by cobalt was not limited 
to the first administration, but occurred on 
repeated administration at a time when the 
alpha-cells were severely damaged. If this 
hyperglycemia were due to the direct or in- 
direct stimulation of the adrenal medulla or 
to the stimulation of sympathetic nerves to the 
liver, then pretreatment with DHE should 
interfere with cobalt-hyperglycemia. On the 
other hand, a liberation of HGF even upon the 
first administration of cobalt should produce 
a hyperglycemia resistant to DHE. The re- 
sults of administering cobalt with or without 
pretreatment with DHE on the blood sugar of 
fasted rabbits are summarized in Table III. 
These data include cross-over tests in which 
the rabbits which were pretreated with DHE 
upon the first administration of cobaltous 
chloride, were not given DHE before the next 
administration of cobalt and vice versa. It is 
quite evident from these data that cobalt- 
hyperglycemia is the result of a sympathetic 
discharge. 

DHE on blood sugar of fasted, cobalt- 
treated rabbits. Following single or repeated 
treatment with cobaltous chloride sufficient to 
destroy the alpha-cells of the Islets of Langer- 
hans(1) rabbits were fasted for 18-20 hours. 
After blood was obtained for control blood 
sugar level, DHE was injected. Blood sam- 
ples were obtained over a period of 3 hours. 
The blood sugar was at the normal fasting 
level and did not change during this experi- 
mental period in spite of the supposed absence 


of HGF-producing cells and the blockade of 
sympathetic nervous activity on the liver. 

Discussion. The selective blockade of 
epinephrine action without interference with 
the action of HGF implies a different mode of 
action of the two agents on the liver. Since 
both glycogenolytic agents produce their final 
effects by activating phosphorylase, the fact 
that selective blockade of one of them is pos- 
sible would make their actions on the same 
site unlikely. It is evident that neither of the 
hyperglycemic drugs act directly upon phos- 
phorylase, at least not in homogenized tissues 
(3). If several mechanisms for the reactiva- 
tion of phosphorylase are available, it must be 
that epinephrine acts on one and HGF on 
another. A likely hypothesis is that epineph- 
rine must first combine with its specific re- 
ceptor on the cell in order for it to eventually 
exert its effects on glycogenolysis. This re- 
ceptor is not used by HGF and thus only 
epinephrine action is blockaded by DHE. 

There are few substances which increase the 
glucose production of liver slices, although 
several substances increase glycogenolysis 
without increasing glucose production. In the 
intact animal numerous chemicals and _ pro- 
cedures increase blood sugar by an action on 
the liver. Since it is now established that 
even anoxia does not directly increase glucose 
production by liver slices(5), it would be well 
to determine whether agents reported to pro- 
duce hyperglycemia are influencing blood 
sugar directly, or simply producing an effect 
through the mediation of the sympathetic 
nervous mechanism, or possibly by the libera- 
tion of HGF. To a limited extent this atti- 
tude has been accepted. Adrenalectomy is not 
sufficient to rule out an effect through the 
sympathetic nervous system. With the avail- 
ability of a simple test such as the one used 
in this series of experiments, blood sugar 
effects may be analyzed quite readily. 

It would appear that the technic of destruc- 
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tion of the alpha-cells with cobaltous chloride 
and the blockade of sympathetic effects with 
DHE (or related substances) should lend it- 
self to a study of the mechanism of blood sugar 
control and the specific need for these hyper- 
glycemic agents under varied conditions. 
Summary. 1. DHE did not interfere with 
the glycogenolytic effect of HGF on rabbit 
liver slices or on hyperglycemia in intact rab- 
bits. Comparable effects of epinephrine in 
vitro or in vivo were antagonized by DHE. 2. 
The hyperglycemia induced by cobaltous 
chloride, which destroys alpha-cells of the 
pancreatic islets, was prevented by DHE. 
This hyperglycemia is attributable to sympa- 
thetic nerve stimulation. No evidence for the 
release of HGF was obtained. 3. Blood sugar 
was maintained at a normal level in rabbits 
pretreated with cobalt, then fasted and in- 
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jected with DHE to limit sympathetic action 
on the liver. 


We are indebted to Miss Josephine Stevenson for 
technical assistance in these studies. 
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Effect of Inositol Feeding on Inositol Phosphatides and Other Lipids of 
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Concerned by the role of atherosclerosis in 
producing hearing loss and labyrinthine dys- 
function, it occurred to one of us that a lipo- 
tropic factor might be of some clinical value. 
A study of such possible effects of inositol 
was initated and has continued for the past 
several years. Biochemical as well as clinical 
methods were included. A method has been 
developed for the determination of lipid inosi- 
tol in various tissues including blood plasma 
(1). Results of the determination of the 
effect of inositol ingestion on the concentra- 
tion of plasma lipid inositol and several other 
plasma lipids are summarized in this paper. 

Methods. All of the patients reported in 
this study showed varying degrees of high 
tone deafness and ranged from 34 to 68 years 
of age. One initial blood sample was ob- 
tained before oral inositol was started. The 
values for the various lipid components in 


these samples are in the normal range for the 
most part and the group could not be con- 
sidered lipemic. The patients then all re- 
ceived 1 g of inositolt 3 times daily. Blood 
samples were obtained at varying intervals 
thereafter and averaged 2 samples per pa- 
tient. The duration of inositol feeding in the 
patients reported ranged from 1 to 12 months. 
None of the patients reported any untoward 
symptoms or reactions from the inositol. All 
blood samples were obtained before breakfast 
between 9 and 9:30 a.m. 50 ml of blood was 
withdrawn into a centrifuge bottle containing 
2 ml of Wintrobe’s oxalate. The lipid ex- 
tracts of the plasma were prepared, purified, 
and analyzed for total lipid phosphorus and 
inositol by methods reported previously(1,2). 
Total fatty acids were determined titrametric- 
ally by a modification of the method of Stod- 
dard and Drury(3) on the purified extract. 


* Supported by a Grant from the Life Insurance 
Medical Research Fund. 
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TABLE I. Effect of Inositol Feeding on Lipids of Human Blood Plasma in Thirteen Patients. 
i Mean —_,, ——— Range——_,, . Mean 
Initial Final Initial Final change S.E. t de 
Total lipid P 20D mao 230-389 244-376 = Oro OR ceed Oe OSik 
Total lipid inositol 7.4% 7.3 5.5-9.4: 4.5-9.8 == Ss Re vhs) 45) 
Lipid inositol : phos- 025 024 -022-.029 019-029 — 5.44 + 2.40 2.97 04 
phorus molar ratio 
Total cholesterol 223 + 242 160-309 183-319 ar Bead Se) ey KOR 
Free cholesterol 61.9 67.4 aWePtsisne) Cro Oadlegy) Stes AMOR eee SAO 2 ess {aly 
Ratio free: total choles- 276 277 .249-.291 -258-.300 Se Os uence 408 = .7 
terol 
Sele tee cholesterol: SOM .785 .624-.9138 .689-1.078 -+ 423 t 3.26 1.30 0.2 
pl 
Neutral fat fatty acids 349 * 161 71-1054, 13-374 —188 § 68.2 2.76 02 
Ratio neutral fat F.A.: 1.48 0.67 0.38-3.98  0.07-1.56 — ~ .8066 PAY aye sx(iil 
total cholesterol 
* Values given in ym/100 ml plasma. t Values given in mg/100 ml plasma. ¢ Mean % 


change. § Mean numerical change. 


Total and free cholesterol were determined on 
a separate aliquot of the plasma by the method 
of Schoenheimer and Sperry(4). 

Results. A summary of the results obtained 
from 13 patients is given in Table I. In this 
summary the analyses of the last sample only 
after inositol feeding is chosen for comparison 
with the initial pre-inositol blood since it rep- 
resents the maximum time of inositol intake. 
Cholesterol (free and total), total phospho- 
lipids and inositol phospholipids are calculated 
as the percent change from the initial sample. 
Neutral fat fatty acids are a more variable 
component and are therefore calculated in 
terms of absolute change in micromoles per 
cent. The statistical method for evaluation 
of the data is that of Fischer in which Stand- 
ard Errors of the Difference are obtained 
using the initial value as zero. ‘The “‘t” 
values are thus obtained as the change from 
the initial sample divided by the Standard 
Error of the Difference. 

Discussion. Although the series is small it 
seems established that no real change occurred 
in the concentration of plasma inositol phos- 
phatides incident to feeding amounts of inosi- 
tol which are many times greater than the 
ordinary dietary intake. The ratio of inositol 
phosphatides to the total plasma phosphatides 
appears to be quite constant and all the 
values fall within the range of .019 to .029 
in the samples reported. In another group 
of 6 patients who did not receive inositol and 
are not reported, the values also conformed 
to this range. 

There appeared to be small but measurable 


mean increases in total cholesterol, free choles- 
terol, and total phospholipids. However, 
these changes are of doubtful statistical sig- 
nificance. These latter lipid components have 
been measured in several inositol feeding ex- 
periments on man and animals by others who 
reported (a) decreases in total cholesterol 
(5-8) and phospholipids(7) or (b) little or 
no change in cholesterol(9-12), phospholipids 
(10,12) and low density lipoproteins(12). In 
cholesterol fed rabbits, inositol was reported 
to be both ineffective(13) and effective(14) 
in preventing the hypercholesteremia. In old 
hens inositol reduced cholesteremia(15) but 
failed in combination with choline to reduce 
the cholesteremia and general lipemia in chicks 
fed cholesterol(16) or treated with estrogen 
(17). It seems clear that no simple relation- 
ship, if any, exists between exogenous inositol 
and blood plasma total cholesterol, free choles- 
terol or total phospholipids. 

In this study, the neutral fat fatty acids 
decreased with inositol feeding, and more 
strikingly in the more lipemic patients—z.e., 
those with initial cholesterol values over 200 
mg%. The decreases as recorded appear to 
be significant. However, caution must be 
exercised in the interpretation of changes in as 
highly variable a fraction as the neutral fat. 
The mean decrease in the “lipemic” group is. 
less than the magnitude of what must be con- 
sidered a “normal” range for neutral fat. 
Moreover, no consistant decrease in the neu- 
tral fat fraction was observed in cholesterol 
fed chicks(15) or estrogen treated chicks(16) 
given inositol with choline. Nevertheless, 
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these data are of considerable interest since 
at least a part of this fraction is associated 
with low density lipoproteins(18) which in 
turn are thought by some to be associated 
with the development of atherosclerosis. 
Studies are in progress to further examine 
such a relationship between inositol and neu- 
tral fat. 

Summary. A group of 13 patients with 
high tone deafness was treated with 3 g 
oral inositol daily for periods of 1 to 12 
months. No change resulted in the fasting 
plasma inositol phosphatide concentration; 
there were minor increases in total and free 
cholesterol and total phospholipids, and there 
was an apparent decrease in neutral fat. 


1. Taylor, W. E., and McKibbin, J. M., J. Biol. 
Chem., 1953, v201, 609. 

23 , ibid., 1951, v188, 677. 

3. Stoddard, J. L., and Drury, P. E., zbid., 1929, 
v84, 741. 

4. Schoenheimer, R., and Sperry, W. M., zbid., 
1934, v106, 745. 

5. Herrmann, G. R., Exp. Med. and Surg., 1947, 
v5, 149. 


6. Felch, W. C., and Dotti, L. B., Proc. Soc. 
Exp. Brov. AND Mep., 1949, v72, 376. 

7. Felch, W. C., Keating, J. H., and Dotti, L. B, 
Am. Heart J., 1952, v44, 390. 

8. Sherber, D. A., and Levites, M. M., J. A. M. A., 
1953, v152, 682. 

9. Lupton, A. M., Battafarano, T. W., Murphy, 
F. E., and Brown, C. L., Ann. Western Med. and 
Surg., 1949, v3, 342. 

10. Leinwand, I., and Moore, D. H., Am. Heart. J., 
1949, v38, 467. 

11. Popkin, R. J., Angiology, 1951, v2, 398. 

12. DeWind, L. T., Michaels, G. D., and Kinsell, 
L. W., Ann. Int. Med., 1952, v37, 344. 

13. Moses, C., Rhodes, G. L., and Delacio, A, 
Angiology, 1952, v3, 238. 

14. Dotti, L. -B. Felch, W--C., and. dkaysS. 3, 
Proc. Soc. Exp. Brot. anD Mep., 1951, v78, 167. 

15. Herrmann, G. R., ibid., 1946, v63, 436. 

16. Stamler, J., Bolene, C., Harris, R., and Katz, 
L. N., Circulation, 1950, v2, 714. 

Ve , tbid., 1950, v2, 722. 

18. Jones, H. B., Gofman, J. W., Lindgren, F. T., 
Lyon, T. P., Graham, D. M., Strisower, B., and 
Nichols, A. V., Am. J. Med., 1951, v11, 358. 


Received September 28, 1953, P.S.E.B.M., 1953, v84. 


Vitamin E Activity of Alpha-Tocopherylhydroquinone and Muscular 


Dystrophy. 


(20655) 


Jutta B. MACKENZIE AND Cosmo G. MACKENZIE. 


From the Division of Chentical Embryology, Department of Pediatrics, and the Department of 
Biochemistry, University of Colorado School of Medicine, Denver. 


It was shown for the first time some 14 
years ago that the muscular dystrophy pro- 
duced in rabbits fed certain natural food 
diets, purified fat free diets, or cod liver oil, 
can be prevented or cured by highly purified 
concentrates of wheat germ oil or by a-toco- 
pherol(1-3). The effect of vit. E on the in- 
tense creatinurea exhibited by dystrophic 
rabbits was dramatic, a precipitous fall in 
creatine excretion occurring in the first 24 or 
48 hours after the initiation of therapy(1). 
Subsequently it was found that the duration 
of the fall in creatine excretion caused by 


* This work has been made possible by a grant 
from the Association for the Aid of Crippled Chil- 
dren. 


single doses of a-tocopherol provided an ex- 
cellent bioassay for antidystrophic activity, 
the number of days of suppressed creatinurea 
being proportional to the size of the dose 
administered(4). Utilizing this antidystro- 
phic assay in rabbits, it was discovered re- 
cently that a-tocopherylhydroquinone is a po- 
tent antidystrophic substance(5,6). Indeed 
the antidystrophic activity of a 5 mg dose 
given intravenously approximates the activity 
of a-tocopherol itself. However, the anti- 
dystrophic activity of the hydroquinone is 
somewhat unique, for unlike a-tocopherol it 
is more potent when administered intraven- 
ously than when given orally. Moreover, un- 
like a-tocopherol, it is not stored, for increas- 
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ing the dose of a-tocopherylhydroquinone be- 
yond a 5 mg level does not appreciably extend 
the duration of the response.t 

These findings suggested to us(6) that 
a-tocopherylhydroquinone possesses antidys- 
trophic properties per se, rather than as a 
result of its conversion to a-tocopherol in the 
body. In an attempt to shed further light on 
this hypothesis, we have investigated the anti- 
sterility activity of a-tocopherylhydroquinone 
in vit. E deficient female rats. Since the 
hydroquinone is not stored, it was evident 
that the administration of a single dose at the 
beginning of pregnancy would not be satis- 
factory and that repeated injections should be 
given throughout pregnancy(6). However, 
the rapidity with which the free hydroquinone 
undergoes auto-oxidation presented difficul- 
ties for such a procedure. Consequently the 
more stable a-tocopherylhydroquinone disuc- 
cinate, which has also been shown to possess 
antidystrophic activity(7), was employed. 
This derivative was repeatedly injected via 
the tail vein throughout pregnancy. The an- 
tisterility activity of a-tocopherol adminis- 
tered intravenously was likewise examined. 
The effect of injected a-tocopherylhydro- 
quinone and its disuccinate on the level of 
serum tocopherol in dystrophic rabbits was 
also determined. These experiments and 
their implications with respect to the im vivo 
activity of a-tocopherylhydroquinone com- 
prise the subject of this paper. 

Methods. Female rats of the Sprague- 
Dawley strain were placed on the vit. E de- 
ficient diet of Mason and Harris(8) at the 
time of weaning. Each rat received 2 drops 
of percomorph oil orally 3 times a week, and 
0.5 mg of a vit. K preparation (Synkamin) 
intraperitoneally once a week. After the 
young rats had been maintained on this 
regimen for 4 months they were subjected to 
an initial resorption gestation. Following a 


+ Frequent administration of small doses of «-to- 
copherylhydroquinone completely presents or cures 
dystrophy in the rabbit(5,6). These findings on 
the rabbit have been extended by Dr. Karl Mason 
to the prevention and cure of dystrophic lesions in 
the suckling rat and in the adult hamster by 
«-tocopherylhydroquinone (Personal communica- 
tion). 
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period of recovery, the animals were placed 
with a male at Stage I of estrus, and test 
compounds were injected on the following day 
when sperm were found in the vaginal smear. 
Prior to injection, each rat was placed before 
an infrared lamp for 15 minutes. The animal 
was then immobilized by wrapping it snugly 
in a double length of cheesecloth, and its tail 
was immersed in a water bath at 40-45°C 
for 3 minutes, following which the test com- 
pound was injected into the dilated tail vein 
through a No. 25 gauge needle. Unless these 
precautions to insure complete dilatation of 
the tail vein were taken, cellulitis and necrosis 
of the tail resulted, rendering the animal un- 
suitable for further supplementation. 


The sodium disuccinate of a-tocopheryl- 
hydroquinone,+ prepared according to the 
procedure described earlier(7), was dissolved 
in either 0.15 M phosphate buffer or in iso- 
tonic saline and adjusted to pH 7.4. The 
volume of a single injection of these disuc- 
cinate solutions did not exceed 1.5 ml. Alpha- 
tocopherol was administered as a suspension 
in one part of ethanol and 9 parts of propy- 
lene glycol. Although the propylene glycol 
present in as little as 0.05 ml of this mixture 
produced hematuria within 30 minutes of the 
intravenous injection, this reaction did not 
interfere with pregnancy. In all tests the ap- 
pearance of the placental sign between the 
10th and 15th day following insemination 
and the typical gain in weight were both 
required as evidence of pregnancy. 


The antidystrophic activity of the disodium 
disuccinate of a-tocopherylhydroquinone was 
checked by intravenous administration to vit. 
E deficient dystrophic rabbits. The succinate 
was again found to have from one-quarter to 
one-half of the antidystrophic activity, on a 
molar basis, of the free hydroquinone or of 
a-tocopherol(7). Serum tocopherol levels 
were determined by the method of Quaife, 
Scrimshaw, and Lowry(9). 


Results and discussion. In the initial ex- 
periments female rats with no detectable toco- 


t+ We are indebted to Dr. Milton Farber and Dr. 
Ade T. Milhorat for generous supplies of «-tocoph- 
erylhydroqinone disodium disuccinate and «-tocoph- 
erylhydroquinone. 
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TABLE I. Antisterility Activity of a-Tocopherylhydroquinone Disodium Disuccinate and 
a-Tocopherol Injected Intravenously in Vit. E-Deficient Female Rats during Pregnancy. 


Days 
No. of mg per No. of between Total No. of rats 
rats Supplement dose doses doses* mg inj. delivering 
5 a-T. hydroquinone disuce.t 8 6 2 48 0 
4 a ig 8 10 it 80 0 
8 24 a 4 16 0 64 0 
8 y be 8 16 0 128 0 
6 d,l a-Tocopherol} 3 1 3 6 
9 a-T. hydroquinone disuce. | 8 19 0 ep | : 
: J 
d,l a-Tocopherol 3 il 3 


* First dose of test compound was inj. on day that sperm appeared in vaginal smear. 
+ a-tocopherylhydroquinone disodium disuccinate. 8.04 mg of this material are equivalent on 


a molar basis to 5.0 mg of a-tocopherol. 


¢ Kindly supplied by Merck and Co., Rahway, N. J. 


pherol in their serum were injected by tail 
vein with 8 mg of a-tocopherylhydroquinone 
disodium disuccinate on every third day or on 
alternate days throughout pregnancy. In 
neither case was this treatment effective and 
typical resorption pregnancies resulted (Table 
I). In the next experiment 8 similar rats 
were injected daily with 4 mg of the disuc- 
cinate. By the end of the 16th day it was 
evident from the sharp decline in the weight 
curves that resorption of the young had oc- 
curred in each of these animals. After a 
period of rest these same 8 rats were mated 
again and injected with 8 mg of the disuc- 
cinate daily for 16 days, or with a total of 128 
mg, equivalent, on a molar basis, to 80 mg of 
a-tocopherol. None of these animals gave 
birth to young (Table I) and all showed the 
loss of weight, beginning at about the 16th 
day, that is typical of resorption. 

In contrast to the results obtained with the 
hydroquinone the intravenous administration 
of a single 3 mg dose of a-tocopherol on the 
first day of pregnancy resulted in the birth of 
living young to each of the rats tested (Table 
I). Moreover, when the rats who had failed 
to respond to the hydroquinone were injected 
with a single dose of a-tocopherol at the be- 
ginning of a subsequent pregnancy, living 
young were born in every instance. Finally, 
vit. E-deficient rats were given a 3 mg dose of 
a-tocopherol by mouth on the day of insem- 
ination and were then injected daily with 8 
mg of the disuccinate for the next 19 days 
(Table I). All of these rats gave birth to 
living young, thus eliminating the possibility 


that trauma caused by repeated injections 
was responsible for the negative findings ob- 
tained with the hydroquinone. The results of 
these experiments show that a-tocopheryl- 
hydroquinone disuccinate is essentially devoid 
of antisterility activity when administered un- 
der the same conditions that led to the dis- 
covery of its antidystrophic activity. 

It may be calculated on the basis of the 
foregoing experiments that less than one- 
tenth of the a-tocopherylhydroquinone disuc- 
cinate could have been converted to q-toco- 
pherol in the animal body. Mason(10) has 
shown that the administration of divided 
doses of vit. E during the first 10 days of 
pregnancy is a very satisfactory procedure, 
and that 0.7 mg of a-tocopherol so adminis- 
tered prevents sterility in a large number of 
rats. Our rats which were injected with 8 
mg of the disuccinate daily received during 
the first 10 days a quantity of a-tocopheryl- 
hydroquinone equivalent on a molar basis to 
50 mg of a-tocopherol, yet not one of them 
gave birth to young. In terms of antidys- 
trophic activity, this amount of the disuc- 
cinate is equal to 12-25 mg of a-tocopherol. 
Consequently it appears that the antidys- 
trophic activity of a-tocopherylhydroquinone 
cannot be accounted for by its conversion to 
a-tocopherol in the body. 

Additional support for this conclusion was 
obtained in a study of the level of serum toco- 
pherol produced by the intravenous adminis- 
tration of a-tocopherol, a-tocopherylhydro- 
quinone, and the disuccinate of the latter 
compound to rabbits with no detectable 
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TABLE IT. Serum Tocopherol 24 Hours after In- 
travenous Injection of Single Doses of Antidys- 
trophic Compounds in Rabbits with Stage I 
Dystrophy and No Detectable Serum Tocopherol. 


Serum 
tocopherol, 


Compound mg % 


mg inj. 


d,l a-Tocopherol 5 
¥ 10 

” 10 

” 10 

” 10 
a-Tocopherylhydroquinone 10 
y 10 

at 100 
a-T.-hydroquinone disuce.* 20 
”? ”? 20) 

2 ¥ 40 

ba 3 100 


HoH oa 


* g-tocopherylhydroquinone disodiuin disuccinate. 


serum tocopherol. As shown in Table II, 
when such animals were injected -with a single 
dose of 5 or 10 mg of a-tocopherol, substantial 
levels of tocopherol were found in the serum 
24 hours later. In contrast to these results, 
the injection of even 10 times as much hydro- 
quinone or hydroquinone disuccinate gave rise 
to no detectable serum tocopherol. Neverthe- 
less, the latter compounds produced a drop 
in creatine excretion and marked improvement 
in the physical symptoms of dystrophy. 
Both the results of these latter experiments 
and of the antisterility assay experiments in- 
dicate that a-tocopherylhydroquinone is not 
converted to a-tocopherol to a significant ex- 
tent in the body. It appears therefore that 
a-tocopherylhydroquinone possesses antidys- 
trophic activity per se, and is, in effect, an 
antidystrophic vitamin. The separation of 
antidystrophic from antisterility activity is a 
matter of considerable interest for the most 
ubiquitous response of experimental and do- 
mestic animals to vit. E-deficiency is muscle 
degeneration. This is true even in the rat, 
our classic and overemphasized example of 
sterility, for at both extremes of its life span 
the rat develops severe muscle lesions in the 
face of vit. E deprivation, and in the interim 
it is afflicted with muscle weakness and scat- 
tered muscle lesions(11). Many other vit. 
E-deficient animals develop dystrophy in the 
absence of signs of sterility. For example, 
rabbits subjected to repeated attacks of mus- 
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cular dystrophy and finally allowed to suc- 
cumb to the disease, do not develop testicular 
degeneration(12,13) and female rabbits with 
extensive muscle lesions give birth to living 
but dystrophic young(14). 

The dystrophy caused by vit. E deficiency 
may be prevented or cured by a-tocopheryl- 
hydroquinone, which is devoid of antisterility 
activity; or, by a-tocopherol, which exhibits 
both antisterility and antidystrophic activity. 
With respect to the antidystrophic effect of 
a-tocopherol, 2 possibilities exist; first, that 
it possesses antidystrophic activity as such, 
or second, that its antidystrophic activity is 


- due to its conversion in the body to the hydro- 


quinone and that, with respect to this func- 
tion, it is a provitamin or storage form for the 
active antidystrophic factor, a-tocopheryl- 
hydroquinone. If the second alternative is 
indeed the case, muscular dystrophy could be 
caused by any one of several conditions: a 
deficiency of vit, E, an inability to convert 
tocopherol to the active hydroquinone, or ex- 
cessive destruction zm vivo of this unstable 
compound. In view of these possibilities and 
the finding that a-tocopherylhydroquinone is 
an antidystrophic substance in its own right, 
the need for a critical and sober examination 
of its effect on human muscular dystrophies 
is clearly indicated. 

Summary and conclusions. The disuc- 
cinate of a-tocopherylhydroquinone has been 
tested for antisterility activity by daily intra- 
venous injections in pregnant vit. E-deficient 
rats. This antidystrophic compound was 
found to be devoid of the antisterility activity 
associated with a-tocopherol. Moreover, the 
injection of dystrophic rabbits with large 


‘curative doses of a-tocopherylhydroquinone, 


or its disuccinate, did not lead to the appear- 
ance of tocopherol in the serum. Both of 
these observations indicate that a-tocopheryl- 
hydroquinone is not converted to a-tocopherol 
to a significant extent in the body. It appears 
therefore that a-tocopherylhydroquinone is an 
antidystrophic factor or vitamin per se. 
Alpha-tocopherol, on the other hand, is the 
antisterility vitamin. It may possess anti- 
dystrophic activity as such, or alternatively, 
it may only be the provitamin for a-toco- 
pherylhydroquinone. The separation of anti- 
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dystrophic from antisterility activity is dis- 
cussed with relation to the function of vit. E 
in muscular dystrophy. 


The authors wish to express their appreciation 
for the excellent technical assistance of Mrs. Helen 
M. Casteel. 
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The Precipitability of Two Modified Proteins.* (20656) 


SipNEY W. Fox AND ELEANOR PEAISTED. 


From the Chemical Laboratory, Iowa State College. 


Precipitin-type reactions, exhibiting speci- 
ficity between iodinated proteins and arsono- 
benzeneazoproteins, have been reported for ex- 
tracts of Saccharomyces cerevisiae repeatedly 
cultured in the presence of such modified pro- 
teins(1). From extended attempts to extrapo- 
late this work, it has been learned that such 
precipitates may be obtained from complex 
combinations of experimental conditions, in 
the absence of the yeast. The specificity 
which was originally observed is believed, 
therefore, to be non-biological in all or most 
of the cases studied. That a major factor 
contributing to the observed precipitin-like re- 
actions and their variation may have been 
pH was suggested by the fact that precipitin- 
like behavior was frequent during some periods 
of experimentation, yet infrequent in others. 
After many such periods, the former type 
appeared to be correlative with higher acid 
content in the samples of ether employed in 
cytolysis. The finding that some cultures 


* Journal Paper No. J-2384 of the Iowa Agric. © 


Exper. Station, Project No. 1111, supported in part 
by the Rockefeller Foundation. 


yielded more reactive extracts was probably 
due to fortuitous acid content rather than to 
a parallelism between behavior of yeast and 
the long-known erratic antibody-producing 
power of animals(2). 


Haurowitz(3) has shown that reported in- 
stances of precipitin reactions from in vitro 
incubation of serum globulin with acid 
azoovalbumin(4) is ascribable predominantly 
to charge effects. In the case of the yeast 
cultures, however, the more rigorous test of 
specificity of reaction appeared to be met. 
The results reported in this paper suggest that 
such results may appear when the interplay 
of conditions leads to overlapping, yet in part 
discrete, pH regions of precipitability for two 
or more antigens. In the course of these 
studies, attention was particularly focussed 
upon the pH factor by the related finding that 
evaluation of specificity of protease-substrate 
interaction was dependent upon pH to a degree 
much greater than that earlier recognized 
(5-9). In both types of situation, other fac- 
tors than pH contribute to the effects ob- 
served. 
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pH 


FIG. 1. Precipitation range for iodocasein solu- 
tions of different concentrations. 


Materials and methods. The iodocasein was 
prepared by adding a solution of 2.0 g of 
powdered iodine in 50 ml of 10% potassium 
iodide solution to a solution of 25 g of Smaco 
casein in 1 1. of 1 N sodium carbonate solu- 
tion, allowing the mixture to stand overnight, 
neutralizing with hydrochloric acid to maxi- 
mum precipitation, and washing with water. 
Found: 1.04% I, calculated to a dry weight 
basis. For testing, the iodocasein was dis- 
solved in 1 N sodium hydroxide solution and 
the liquid was neutralized with 1 N hydro- 
chloric acid. The arsonobenzeneazocasein was 
prepared by the method of Boyd and Mover 
(10) in sodium carbonate solution. Found: 
2.0% As, calculated to a dry weight basis. 
Solutions were prepared in the same manner 
as for the iodocaseins. 


For the results of Fig. 1 and 2, concentra- 
tions of the iodocasein and arsonoprotein solu- 
tions were varied as indicated. In each test, 
1 ml of solution of modified protein was dilu- 
ted with 5 ml of 5% sodium chloride solution 
and the pH was adjusted with concentrated 
sulfuric acid added from a micropipet. Pre- 
cipitates were washed with water, allowed to 
dry in air, and weighed. 

In Fig. 3 the effect of hydrochloric acid may 
be observed, and is seen to result in curves 
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different from those obtained with sulfuric 
acid. Although variation in shape of the 
curve has been observed with each acid, each 
is characteristic in its behavior. 

Discussion. Aside from the effects of pro- 
tein concentration, pH, and acid type; salt 
concentration, salt type, and other proteins in 
the system(3) may be expected to influence 
the response. Any added protein, such as 
yeast globulin, might therefore modify the 
results observed. Indications that conditions 
of storage and of incubation affect such pre- 
cipitations have also been noticed. 

The exact conditions of Fig. 3 would suggest 
more frequent precipitation of iodoprotein: 
than of arsonoprotein, whereas the opposite 
has been recorded(11). The results presented, 
however, indicate that the phenomena de- 
scribed permit essentially the simulation of 


WT. OF ppt. (mg.) 


pH 
FIG. 2. Precipitation range for arsonobenzeneazo- 


casein solutions of different concentrations, 


nv 
T 


WT. OF ppt. (mg.) 
@ 


Arsonocasein 


pH 


FIG. 3. Relatively discrete pH ranges of precipita- 
tion for iodocasein (1.0%) and arsonobenzeneazo- 
casein (1.2%). 
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specific precipitation, in the absence of cellular 
extracts. 

The effects recorded with artificial antigens, 
as described here, indicate the need for con- 
trol of many conditions before either precipi- 
tins or specific precipitins can be related to 
biological causes. Furthermore, the well- 
known variability in immune response, even 
from the same organism at different times(12), 
may stem in part from the operation of such 
factors. With increasing knowledge of protein 
precipitation(13), it may be expected that the 
variability which has so often been noted in 
the immunochemical literature (e.g., 2,12) 
may also be greatly diminished. 

Marrack, J. R., and Grant, R. A., (Brit. J. 
Exptl. Path., 1953, v34, 263) record and dis- 
cuss effects of salt concentration and pH on 
antigen-antibody reaction. 

Summary. Conditions have been studied 
for the simulation of specific precipitins. The 
factors which have been shown to operate may 
explain earlier reports of antibody production 
from yeast. It is suggested that some of the 
variability observed in conventional immuno- 
logical test may have, at least in part, a similar 
basis in the effect of conditions of the tests 
upon the precipitability of the proteinaceous 
antigens. 


Thanks are expressed to Mr. Joseph E. Johnson for 


his assistance. 
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Nutritional Requirements of Clostridium Tetanomorphum. (20657) 


J. H. NAKANO AND C. E. CLirton. 


From the Department of Bacteriology and Experimental Pathology, Stanford University 
School of Medicine, Stanford, Calif. 


This study was undertaken to determine 
the nutritional requirements and _ general 
metabolic activities of an anaerobic bacterium 
listed in the Stanford Bacteriology Depart- 
ment collection as strain E-42 of Clostridium 
cochlearium. It was received from Dr. I. C. 
Hall in 1930 and at that time was designated 
by him as Clostridium putrificum, strain No. 
3379. This strain was later identified as C. 
cochlearium by Hartsell and Rettger(1). Dur- 
ing the course of our studies on the metab- 


olism of E-42 it became evident that this 
species is capable of fermenting glucose (or 
maltose) and produces butyric, acetic, and 
lactic acids, carbon dioxide, and hydrogen 
from ‘this sugar. In addition we observed 
that this strain ferments pyruvic and glutamic 
acids with the production of the products listed 
above, together with ammonia from glutamic 
acid, in approximately the same amounts as 
reported by Woods and Clifton(2) for Clos- 
tridium tetanomorphum. Threonine and ser- 
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ine were the only other amino acids fermented 
at an appreciable rate as evidenced by gas 
production. These observations indicate that 
strain E-42 as it is now constituted is a 
strain of C. tetanomorphum rather than of 
the closely related species, C. cochlearium. 


Materials and methods. In the growth 
studies a salt solution consisting of 11.5 g of 
NazHPO,* 12 H2O, 1.0 of KH2PO, and 0.1 
of MgSO, * 7 H20 per | of distilled water plus 
2 ml of a trace element solution (Snell, e¢ ai., 
3) served to supply the inorganic require- 
ments of E-42. Growth occurred in this 
solution at pH 7.4-7.6 when growth factor and 
amino acid requirements were supplied by 
1% yeast extract and casein hydrolysate re- 
spectively, and reducing conditions were de- 
veloped with 0.1% sodium thioglycollate. 
The addition of glucose or maltose supported 
heavier growth, and 0.5% glucose was em- 
ployed in the test media. In the preliminary 
studies various growth factors were added in 
appropriate amounts to the medium described 
above from which yeast extract was omitted 
and to which 10 mg each of L-trptophan and 
L-cystine were added per 1 to make up for 
any possible deficiency of these amino acids. 
The various mixtures were autoclaved and 
9.5 ml amounts were distributed aseptically 
into sterile test tubes. The fluid in each tube 
was covered with a 2 to 3 mm layer of sterile 
mineral oil. Before inoculation the tubes 
were heated in a boiling water bath for 15 
min. to expel any dissolved oxygen and then 
rapidly cooled. Five-tenths ml of an inocu- 
lum comprising well-washed cells from 17 
to 20 hr cultures was introduced into each 
tube and the development of turbidity on 
incubation at 37°C was observed. The amino 
acid requirements were determined in the 
same manner, one amino acid in turn being 
omitted from the basic medium to which no 
casein hydrolysate had been added. Finally 
growth experiments were conducted in the 
basal salt-glucose-thioglycollate medium to 
which only known amino acids and growth 
factors were added. 
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Results and discussion. Little or no 
growth occurred when either nicotinic acid 
(or its amide) or pantothenic acid was omitted 
from the medium and the crop yield was 
greatly decreased in the absence of biotin. 
This latter behavior was studied further and 
it was found that the sample of casein hydro- 
lysate employed contained a trace of biotin. 
No growth occurred in the absence of biotin 
when a biotin-free casein hydrolysate was 
employed as the amino acid source. Choline, 
p-aminobenzoic acid, and thiamine appeared 
to have a slight stimulatory action on growth 
but had little or no influence on crop yield. 

Little or no growth occurred when either: 
L-glutamic acid or L-tryptophan was omitted 
from the basal medium devoid of casein hy- 
drolysate. Tyrosine, leucine, and phenylala- 
nine appeared to promote growth to a slight 
extent but were not essential for growth of 
E-42. 

In further studies it was observed that fair 
growth of C. tetanomorphum occurred in the 
basal salt-thioglycollate solution containing 
0.5% of glucose, maltose, or sodium pyruvate 
and, in amounts per 100 ml, 75 mg t-glutamic 
acid, 25 mg .L-tryptophan, 20 pg each of 
nicotinic acid and calcium pantothenate, and 
1 pg of biotin. 

Summary. Strain E-42, presently identified 
as a Strain of C. tetanomorphum, is exacting in 
its nutritional requirements. Growth will oc- 
cur in a basal salt-glucose-thioglycollate me- 
dium only following the addition of panto- 
thenic and nicotinic acids, biotin, t-glutamic 
acid, and L-tryptophan. p-Aminobenzoic acid, 
choline, thiamine, leucine, tyrosine, and 
phenylalanine may exert slight stimulatory ac- 
tion on growth but are not essential for 
growth of this organism. 


temartsell\soamer. ands Retigera lpm DOr. 
1934, v27, 497. 

2. Woods, D. D., and Clifton, C. E., Biochem. 
J., 1938, v32, 345. 

3. Snell, E. E., Eakin, R. E., and Williams, R. J., 
J. Am. Chem. Soc., 1940, v62, 175. 
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Use of a Deficient Ration for Chicks in Bioassay of Gonadotrophic 


Hormones.* 


Joun J. LANE AND JOHN R. PAYSINGER. 


(20658) 


(Introduced by C. L. Comar.) 


From the University of Tennessee Atomic Energy Commisssion, Agricultural Research Program, 
Oak Ridge, Tenn. 


Commercial chick rations are frequently 
used during the study of gonad response to 
hormone injections(1). Since the chicks gain 
weight on this ration, the hormone dosage 
must be sufficient to elicit a testes weight re- 
sponse over and above the normal increase. 
Some investigators maintain their chicks with- 
out food or water over the experimental period, 
depending on the unabsorbed yolk to sustain 
life for 96 hours, after which inanition begins 
(2). This inhibition of growth results in a 
significant weight increase at lower levels of 
hormone dosage. However, the term of the 
experiment must be short and injections made 
at frequent intervals. Therefore the full po- 
tency of each injection is limited and the over- 
all sensitivity may be reduced. 

It was observed that a corn-cob meal ration 
inhibited growth and caused the endocrine 
glands to remain infantile in size. These con- 
ditions allowed for a maximal dosage response 
and a longer interval between injections. Based 
upon these considerations a method for testing 
pituitary gonadotrophic hormones was de- 
vised. 

Materials and methods. One-day-old White 
Leghorn cockerels were kept in an electric 
brooder and maintained either on commercial 
chick starter ration or on the corn-cob meal 


ration. The tested pituitaries, with a mean 
fresh weight of 11.3 mg (range 10.6-11.8 mg), 
were obtained from male Rockland rats, 10-12 
months of age. They were homogenated and 
diluted to a volume of 1.25 cc in distilled 
water. Each volume contained one rat pitui- 
tary or fraction thereof. The experimental 
chicks received 5 daily injections into the 
axillary region with 0.25 cc of the homogenate. 
The birds were sacrificed on the sixth day and 
the testes removed and weighed. 

Results. The results are presented in Table 
I, With the chicks maintained on corn-cob 
meal ration it was possible to show a graded 
response of chick testes weight to fractions of 
whole rat pituitary. There was a significant 
difference bétween the 1, 34 and % fractions 
compared to the response of the non-injected 
chicks. There was no significant difference in 
the 1% group when it is compared with the 
¥Y% and O groups. Therefore the minimum 
dosage required to elicit a response in chick 
testes under these conditions was % rat pitui- 
tary homogenate per chick. 

With chicks maintained on a commercial 
ration the data show that to elicit a significant 
gonadotropic response a dosage of at least 1 
rat pituitary per chick must be administered. 

There was no significant difference between. 


TABLE I. Graded Response of the Chick Testes to Whole or Fractionated Rat Pituitary 


Injections. 
Mean testes 
No. of wt (mg) + 
Group chicks Ration stand. error Range (mg) 

1 pit/chick 8 Corn-cob* 18.2 + 1.10 15,6—-24.4 
Sie 12 rs 14.34 .98 8.8-20.6 
et 10 “: 11,532" .65 8.6-14.1 
Tee 9 ¢ 10.6+ .93 7.6-14.0 
Saline inj 10 BR 94+ 4 8.2-12.0 
i 9 Commercial t 18.4 + 1.0 .12.0—21.8 
1 pit/chick 9 Hi 25.6 = 1.9. 16.4-36.0 


* Finely ground yellow corn-on-cob meal. 


t Chick Starter Ration, Security Mills, Knoxville, Tenn. 


* Published with the permission of the Director of 
the University of Tenn. Exp. Station. 
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injections of one or three pituitaries per chick 
maintained on corn-cob meal ration suggest- 
ing that a threshold response to gonadotropic 
hormones had been reached with injections of 
one rat pituitary per chick. 

Summary. Day-old cockerels were kept on 
a corn-cob meal ration while testing homogen- 
ates of rat pituitaries for gonadotropic hor- 
mones. The chicks failure to grow made the 
- testes weight a more sensitive indicator of 
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gonadotropin when contrasted with the cocker- 
els on a balanced ration. With the corn-cob 
meal ration the chick assay method was sig- 
nificant with 1% of a rat’s pituitary. 


1. Robinson, G. E., Jr., and Nalbandoy, A. V., 
J. Ani. Sci., 1951, v10, 469. 

2. Breneman, W. R., and Mason, R. C., Endocri- 
nol., 1951, v48, 752. 
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Formation, Flow, and 'Reabsorption of Cerebrospinal Fluid in Man.* (20659) 


WILLIAM H. Sweet AND HERBERT B. LOCKSLEY. 


(Introduced by L. Dienes.) 


From the Departments of Surgery, Harvard University; of Neurosurgery, Mass. General Hospital; 
and of Medicine, Brookhaven National Laboratory. 


On the basis of data obtained from multiple 
simultaneous isotopic tracer studies in man, 
employing various suitable combinations of 
Na-24, K-42, Cl-38, Br-86, P-32, HTO, D2O 
- and radio-iodinated human serum albumin, 
we have been led to a unified theory of cere- 
brospinal fluid (CSF) formation, flow and re- 
absorption which is at variance with the 
classical and currently held concepts. The 
textbook teaching(1) is that CSF is formed 
by the choroid plexuses (Dandy, 2) of the 
cerebral ventricles whence it flows into the 
spinal and epicerebral subarachnoid spaces. 
Here it is considered free to circulate until 
it is finally reabsorbed, presumably largely 
or wholly at the arachnoid villi (Weed(3)). 

We wish to present evidence that CSF is 
elaborated throughout the cerebrospinal fluid 
system independently of flow from one area 
to another. It is derived both from the chor- 
oid plexus in the ventricles, and in the sub- 
arachnoid space from the vascular bed of the 
pia. The reabsorption of CSF, in so far as 
water and electrolytes are concerned, has 
similarly been demonstrated by us to occur 
throughout the system independently of flow. 
These elements of the fluid enter and leave 
the ventricles and subarachnoid space by 


* This study was aided by grants from the Na- 
tional Institutes of Health, U. S. Public Health 
Service, by the Atomic Energy Commission and 
by the Associated Universities, Inc. 


direct molecular capillary exchange, and 
hence may be considered to be in a state of 
dynamic equilibrium with plasma, similar to 
that of other fluid compartments of the body.t 

Methods of study. After a large number of 
tracer studies had been done in patients with 
normal CSF systems, it became evident that 
a precise compartmental analysis of the data 
involved equations of a fair degree of com- 
plexity, and more variables than could be 
adequately measured, the most troublesome in 
this respect being the rate of flow between 
compartments. Accordingly we set out to 
limit the variables insofar as possible and to 
test the validity of a number of possible com- 
partmental models of CSF physiology in a 
series of critical experiments. To this end, 
we sought patients for study in whom it would 
be possible to isolate the main ventricular 
compartments from the subarachnoid space. 
Two such patients were found; and the studies 
presented below, on which our unified concept 
of the CSF system rests, were carried out in 
them. These patients had developed com- 
plete blockage of CSF outflow from the large 
lateral ventricles as the result of tumor en- 
croachment on the third ventricle over five 
years ago. At that time they were restored 
to a normal state of CSF pressure and dynam- 


tIn this paper, the mechanism of exchange is 
not considered, i.e., whether by simple diffusion or 
some form of active transport. 
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ics by means of a small plastic tube so placed 
surgically as to bypass the block and restore 
the flow of CSF from the lateral ventricles to 
the basal cistern of the subarachnoid space, 
(the so-called Torkildsen operation). In 
these last 5 years since operation, their intra- 
cranial pressures have remained essentially 
normal. The neurological signs in one of 
them (S.L.) had deteriorated somewhat, but 
the other has remained unchanged, suggesting 
in both cases a very slowly evolving type of 
lesion. In patient S.P. at the time of one of 
our studies, the CSF protein was within the 
normal range, being 13 mg% in the ventricle 
and 18 mg% in the lumbar subarachnoid 
space. The relatively normal status and CSF 
findings in these patients would seem to be 
reasonable evidence that the tumor tissue 
itself is making no significant contribution to 
the exchanges of water, electrolytes and pro- 
tein. That any disturbance in the normal 
mechanism of exchange which may have at- 
tended their operations or prior period of 
hydrocephalus has had ample time for re- 
covery in the intervening 5 years of unim- 
peded CSF outflow from the ventricles, is 
evident in the similarity between isotopic ap- 
pearance curves in the ventricular CSF of 
these patients and those of more normal pa- 
tients after intravascular injection(4). Hence, 
we feel warranted in the tentative conclusion 
that our studies in these patients provide an 
approximately quantitative as well as quali- 
tative notion of the CSF mechanisms in norm- 
al man. The striking advantages offered by 
such patients are that first, by the simple 
expedient of clamping their Torkildsen by- 
passing tubes, ‘the main ventricular compart- 
ments are effectively isolated from the’ suba- 
rachnoid space, and any communication be- 
tween them by direct flow is precluded. 
Thorough mixing within each compartment 
can then be achieved by barbotage, and the 
volume of the compartments readily measured. 
Turnover constants calculated from the data 
are characteristic of the entire compartment, 
and when corrected for the volume of the com- 
partment may be meaningfully compared. 
Finally, isolation of the subarachnoid space 
from the alleged main fountainhead of CSF, 
the choroid plexuses of the first three ventri- 
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cles, provides a critical test of the importance 
of these structures in supplying the CSF of the 
subarachnoid space, or alternatively, evidence 
for the existence of some other important 
source. 

Our experimental technic consisted of fixing 
small bore needles in the lateral ventricles 
and lumbar subarachnoid space, leaving them 
in position for the duration of the study, to: 
obviate leakage from the puncture sites. The 
isotopic solutions were prepared in small 
volumes with physiologically insignificant 
amounts of carrier, and were injected either 
intravascularly or directly into the CSF sys- 
tem. After thorough mixing of the compart- 
ment, samples were withdrawn in less than 
0.5 cc quantities, and metered out with cali- 
brated Kinsey pipettes. The radioactivity 
of these CSF samples and of plasma samples. 
was assayed in a well-type scintillation counter, 
and compared with a standard prepared in 
known dilution from an aliquot of the injec- 
tion solution. K-42 and Cl-38 were chosen 
as being the most expedient isotopes for study- 
ing simultaneously major intracellular and 
extracellular ions. The 38 minute half-life of 
Cl-38 and 12.4 hour half-life of K-42 are suf- 
ficiently diverse to permit the assay of both 
isotopes from a single sample by serial count- 
ing before and after the chloride has decayed 
to inappreciable levels. We have measured 
ventricular volumes by isotopic dilution 
methods and checked these by dye dilution 
using indigo carmine and by planigraphic 
measurement of the ventricles on X-rays 
taken during pneumoventriculography. The 
volume of the subarachnoid space was meas- 
ured in patient S.P. by the dilution of a 
known activity of I'*1 - human serum albumin 
immediately after protracted barbotage. Be- 
cause of the short life of Cl-38, it was neces- 
sary to carry out much of this work at Brook- 
haven National Laboratory.+ where Cl-38 is 
produced in the atomic pile. 

Results. A. Electrolytes and water. Fig. 1 
depicts the type of CSF appearance curves 


+ We are greatly indebted to Dr. Lee Farr, Direc- 
tor of the Medical Department, and his associates 
Drs. Dahl, Robertson, and Stickley, for their extra- 
ordinary cooperation and generosity in aiding the 
performance of these studies. 
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STUDIES OF CEREBROSPINAL FLUID FORMATION 
INTRA-ARTERIAL INJECTION 
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BIG. 1. Lateral ventricular volumes: Right, 301 cc, left, 320; volume of subarachnoid space: 
\ 83 ce. : 


obtained after intravascular injection of K-42 
and Cl-38 with the ventricular compartments 
isolated from the subarachnoid space. One 
sees that in the case of potassium there is 
actually a far more rapid rise in isotopic 
concentration in the lumbar CSF than in the 
ventricles, and that chloride appears at the 
same rate in all 3 sites. We consider this to 
be decisive evidence for a rapid and direct 
exchange of electrolytes between blood and 
the subarachnoid space which is independent 
of flow from the choroid plexus. That a 
similar situation exists for water we have 
demonstrated in a previous communication(5). 


In this, the rate of appearance of D2O was 


measured at various points in the CSF sys- 
tem of patients entirely normal in this respect 
following intravenous injection. D.O in the 
cisternal CSF was seen to reach equilibrium 
much more rapidly than it did in the ventricles 


—an impossible situation if cisternal fluid is 
assumed to be derived from the ventricles by 
flow. 

That reabsorption of water and electrolytes 
also occurs throughout the system we have 
demonstrated by studies of the disappearance 
of isotopes injected into the isolated ventric- 
ular compartments and into the subarachnoid 
space. The results of such a study employing 
again K-42 and Cl-38 are shown in Fig. 2. 
It may be seen that both of these substances 
pass rapidly out of ‘the ventricles according to 
a simple exponential function, with turnover 
half-times of 4.3 hours and 8.2 hours for K 
and Cl respectively. The only possible routes 
of egress here are a retrograde passage through 
the choroid plexus supplemented by diffusion 
through the ependymal wall into the brain, 
D.O injected into the ventricles of this patient 
at the same time as the electrolytes behaved 
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STUDIES OF CEREBROSPINAL FLUID FORMATION 
INTRAVENTRICULAR INJECTION 


RT. VENT. 


~ LT. VENT 


LUMBAR 


SPECIFIC ACTIVITY 


HOURS 


SPECIFIC ACTIVITY EXPRESSED AS 


100 


RT. VENT 


LT. VENT. 


eo aad Oe aaae 


SPECIFIC ACTIVITY 


HOURS 


% OF INJECTED ACTIVITY PER LITER SAMPLE 


Meq. Rer LITER 


Pt. S.L. - LEFT VENTRICULAR TORKILOSEN TUBE 
FIG. 2. Ventricular volumes: Right 220 ce, left 220 ec. The intraventricular inj. in this pa- 
tient was carried out with the Torkildsen tube open. This permitted a small quantity of the 
isotopes to pass into the subarachnoid space; hence the rise during the first hour of isotopic 
concentrations in the lumbar region. The tube was closed during the last 4% hr of study. 


similarly with an average turnover half-time 
for ventricular water of 40 minutes and in 
subarachnoid space of 72 minutes. 

A third feature of the behavior of electro- 
lytes is that they move in and out of the 
CSF independently and each at its own charac- 
teristic rate. This is evident in the foregoing 
data and is supported by other multiple tracer 
studies done with various combinations of 
Na-24, Br-86, Cl-38 and P-32 in other pa- 
tients. 

It is thus seen that the water and electro- 
lytes of CSF are in dynamic equilibrium with 
plasma, and that CSF is renewed by local 
exchange therewith in every region. Hence 
any net increase in volume within any com- 
partment capable of initiating flow must be 
dependent either on a small secretion pressure 
(active transport) or on some alteration in 


the balance of hydrostatic and osmotic forces. 

B. Protein. In clinical or experimental 
(Dandy(2)) instances where outflow from 
the ventricles is blocked for any protracted 
period of time, a slight unbalance in the equi- 
librium condition appears actually to occur 
since over a period of days or weeks increased 
pressure and an expanded ventricular volume 
results—clinically known as hydrocephalus. 
By analogy to the situation in the systemic 
circulation where the constant sweeping away 
of protein by the lymphatics is essential to 
the balance of transcapillary exchange, it oc- 
curred to us that a slow rate of flow away 
from the ventricles is necessary to prevent 
the accumulation of protein and the resulting 
shift in equilibrium due to the increased os- 
motic tension. In order to test this hypothesis, 
we have studied the rate of reabsorption of 
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radio-iodinated human serum albumin from 
the isolated ventricles and subarachnoid space. 
Fig. 3 illustrates one set of results. Albumin 
was reabsorbed from the ventricles very slow- 
ly as a simple exponential function with a 
turnover half-time in this patient, of 31 hours. 
In sharp contrast to this, the rate of disap- 
pearance from the subarachnoid space was 
considerably more rapid and could be resolved 
into two exponential components: one with a 
half-time of 30 hours, essentially the same as 
the ventricular rate, and the other with a 
turnover half-time of 2.6 hours. This pro- 
vides direct evidence for our theory that in 
contrast to the water and electrolytes of the 
CSF, protein is absorbed largely from the 
sub-arachnoid space. Based on abundant 
evidence in the older literature that the 
integrity of the arachnoidal villi is essential 
to the prevention of hydrocephalus (Weed (3) ) 
and on demonstrations that certain large nega- 
tively charged molecules such as gelatin (Key 
and Retzius(6)) and ferrocyanide (Weed 
(7,8) ) are specifically absorbed by the arach- 
noidal villi, it is our belief that these special- 
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ized structures subserve the special and essen- 
tial function of protein reabsorption from the 
CSF. In this function, the arachnoidal villi 
become analogous to the lymphatics of the 
general circulation. To imbue them however, 
with the entire task of CSF absorption as in 
traditional theory is just as unsound as it 
would be to ascribe the entire return of capil- 
lary filtration to the lymphatics.§ 


There is a corollary to the facts that elec- 
trolytes and water of the CSF exchange every- 
where freely whereas protein is absorbed 
largely from the subarachnoid space—namely 
that the site and rate of protein reabsorption 
is an important determinant of the direction 
and rate of flow of CSF within the system. 
We have attempted to determine the order of 
magnitude of net CSF formation and flow 
from the ventricles in these patients whose 
by-passing tubes from the lateral ventricles 
to the cisterna magna we could block. During 
the study, the patient was kept in a semi- 
reclining position at an angle such that the 
initial intraventricular pressure within the 
tube blocked was only 10- 20 mm above the 
vertex of the head. Over the 24 hour period 
of the study, withdrawal of 0.35 cc samples 
at less than hourly intervals for the assay of 
isotopic concentrations sufficed to keep the 
CSF pressure virtually constant. This was 
measured periodically, without withdrawal of 
fluid, between the times of sampling. At the 
conclusion of the 24 hours in one patient, the 
final pressure was a few millimeters of water 
lower than the initial pressure during which 
time a total of about 15 cc of fluid had been 
withdrawn and the patient’s clinical condition 
and arterial blood pressure had remained in 
the same excellent state. Since at the end 
of the study the intraventricular pressure was 
slightly lower than initially, it seems improb- 
able that any increase in ventricular volume 
occurred. Thus our figure of 15 cc withdrawn 
over the 24 hours must represent a fair esti- 
mate of the net amount of CSF elaborated 
in the lateral ventricles of this patient per 


§ Professor A. Baird Hastings has repeatedly 
emphasized to us his opinion that the CSF might 
well turn out to be “the lymphatic fluid of the 
central nervous system”. We are indebted to him 
for much aid in this work. 
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day. This estimate is substantially lower than 
the previous figures given in the literature for 
man: 300 to 400 cc/day by Dandy(2), and 
600-700 cc/day given by Boyd(9). It is also 
proportionately lower considering the size of 
the species, than Flexner’s(10) figure, for the 
cat of 12 cc/day flowing from cannulas in the 
aqueduct of Sylvius. 


Summary. 1. Water and electrolytes enter 
the cerebrospinal fluid rapidly both in the 
ventricles and throughout the subarachnoid 
space. The formation of the fluid is thus not 
an exclusive prerogative of the choroid plexus. 
2. Water and electrolytes leave directly into 
the blood from both the ventricles and the 
subarachnoid space, doing so at roughly simi- 
lar rates. 3. CSF does not suddenly come into 
being fully formed at any point with all its 
constituents in their proper ratios, but each 
constituent is exchanging with blood at its 
own characteristic rate. 4. In contrast to 
water and electrolytes, protein is absorbed 
largely from the subarachnoid space, presum- 
ably from the arachnoidal villi. By virtue 
of this specific role played by the arachnoid 
villi, they serve a function in the CSF system 
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analogous to the lymphatics of the general 
circulation. 5. The site and rate of protein 
reabsorption is an important determinant of 
the direction and rate of CSF flow. 6. The 
net amount of CSF elaborated per day in the 
ventricles, over and above the large and equiv- 
alent-volume exchanged, is small, and is of 
the order of 10 to 20 cc or less, per day in 
man. 
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Natural Abundance of N in Hemin and Plasma Protein from Normal 


Blood.* 


(20660) 


Lynn D. Assorr, Jr., Mary J. Dopson, AND RutH H. Powe. 


From the Departments of Biochemistry and of Surgery, Medical College of Virginia, Richmond. 


Geren, Bendich, Bodansky and Brown(1) 
found the abundance of N?° in nitrogen of 
biological origin to be slightly higher than that 
of tank nitrogen used as a reference standard 
in the case of urinary urea, ammonia and uric 
acid. Urea isolated from the urine of normal 
individuals analysed 0.0044 + 0.0005 atom 
per cent higher than tank nitrogen, and the 


* Studied in connection with projects conducted 
under contract between the Office of the Surgeon 
General, Department of the Army, Washington, 
D.C. and the Medical College of Virginia and by a 
grant from the U. S. Public Health Service to Dr. 
E. I. Evans, Director of the Laboratory for Surgical 
Research, Medical College of Virginia. 


total nitrogen, ammonia and uric acid from 
normal urines had N* concentrations of about 
the same magnitude. 

In connection with studies of erythropoiesis 
in the anemia of thermal injury(2) and of the 
metabolic fate of N*-labelled erythrocytes 
transfused into normal man(3), we have had 
occasion to determine N' abundance in a 
number of samples of hemin and plasma pro- 
tein isolated from blood before administration 
of N?°-glycine. We have observed in hemin 
and plasma protein an increased abundance 
of N™ of the same magnitude found in com- 
pounds of urinary origin. For calculation of 
the amount of N® incorporated from N®- 
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TABLE I. N* Concentration in Hemin and Plasma 
Protein Isolated from Normal Blood. 


Hemin Plasma protein 
me a 
10 dogs 9 humans 7 humans 
—————_ Atom % excess ——_—__,, 
0055 006 004, 
004 006 0035 
0055 004 004 
0055 006 004 
0105 0035 004 
003 003 004 
0055 0025 035 
0045 004 
004 005 
0045 
Avg .0047 0044 0039 
S.D. 0009 0014 0003 


glycine into heme of the total circulating hemo- 
globin in different subjects for comparative 
purposes, correction for the slight excess of 
N® normally present in heme may become 
appreciable, especially at the lower N™ con- 
centrations encountered in the hemin isolated 
after N’°-glycine feeding during depressed ery- 
thropoiesis(2). 

Methods. Hemin was isolated as described 
by Shemin and Rittenberg(4) and recrystal- 
lized according to Fischer(5). Plasma pro- 
teins were precipitated and washed 5 times 
with trichloroacetic acid(6), twice with ace- 
tone-ether (1:1), once with ether and dried. 
Duplicate samples were analyzed for N’ in 
a Nier-type isotope-ratio mass spectrometer 
which was built and maintained by Dr. Wil- 
liam T. Ham, Jr., Mr. Ray Williams, and Mr. 
Fred Schmidt of the Biophysics Department 
of this institution. Each of the duplicate 
samples was compared with tank nitrogen as 
a reference standard and the N® atom per cent 
excess over tank nitrogen determined. N’ 
atom percentages were rounded off to the 
third decimal place from the calculated values 
(Ch). 

Results. In Table I are presented the re- 
sults of analyses of 19 hemin samples analyzed 
along with other samples by our usual pro- 
cedures at different times over a period of 
more than a year. The values presented are 
the averages of duplicate determinations which 
usually did not differ by more than 0.001 
atom % excess. The mean values for dog 
hemin: 0.0047, human hemin: 0.0044, and 
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for the 19 hemin samples combined: 0.0046 -+ 
0.0011 atom % excess, are very close to those 
found with urinary urea(1). 

The different samples of normal human 
plasma protein were analyzed on the same 
day and hence the variation among samples 
was much smaller than in the case of the 
hemin samples which were determined under 
varying conditions. The value 0.0039 + 
0.0003 atom % excess N’ also shows a slight- 
ly increased abundance over tank nitrogen of 
a similar magnitude. : 

Sixteen samples of human plasma protein 
isolated and analysed over a 5-month period 
showed a wider variation among samples 
(mean value 0.0036 + 0.0015 atom % excess). 
Although the subject in this case had received 
an. infusion of about 500 ml of washed N¥®- 
labelled red cells(3), this apparently did not 
affect the N’° concentration in the plasma pro- 
teins. 

No difference from tank nitrogen was noted 
with nitrogen from ammonium chloride, the 
mean difference of 6 samples being less than 
0.0001 + 0.0007 atom % N"™. Fractionation 
of the tank nitrogen used as a reference stand- 
ard was therefore not responsible for the re- 
sults obtained with the biological samples. 
Soloway(8) also found no detectable frac- 
tionation of tank nitrogen when compared with 
that of ammonium sulfate or of air. Our re- 
sults thus appear to lend further support to 
the idea that minute fractionation of the 
nitrogen isotopes might occur through normal 
biological processes(9). 

Summary. Hemin and plasma protein iso- 
lated from normal blood were found to have a 
slightly increased abundance of N?° over tank 
nitrogen or ammonium chloride. The mean 
values for normal hemin, 0.0046, and for nor- 
mal plasma protein, 0.0039 atom % excess N™, 
were similar to the N® concentration found in 
urinary urea. These results lend further sup- 
port to the idea that minute fractionation of 
the nitrogen isotopes might occur through nor- 
mal biological processes. 
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(Introduced by H. E. Stokinger.) 


From the Toxicology Section, Division of Occupational Health, U. S. P. H. S., Cincinnati, O. 


In testing various compounds as antidotes 
of vanadium(1,2), it was found that one of 
the substances (ascorbic acid) that afforded 
good protection against vanadium toxicity 
had a pH of 2.5 under the conditions of use. 
This suggested the possibility that H-ion con- 
centration might alter toxic response to vana- 
dium. Support for this possibility was found 
in a report that anionic vanadium is more 
toxic than cationic vanadium(3). Moreover, 
Aub e¢ al.(4) showed long ago, and it has 
been amply confirmed since, that urinary lead 
excretion is increased following administra- 
tion of ammonium chloride. More recently, 
Brown, Kolmer, and Rule(5) showed a sim- 
ilar effect for bismuth. It has further been 
postulated that an important factor in detoxi- 
cation is the conversion of a weakly acidic 
substance, which the body excretes with dif- 
ficulty, to a relatively strong acid which can 
be readily eliminated by the kidney(6). Ac- 
cordingly, test were performed on mice to de- 
termine whether altering the pH in various 
ways would affect vanadium toxicity. 


Materials and methods. Male mice of the 
Webster strain* weighing 20-29 g were used 
for this study. Each mouse was weighed in- 
dividually and injected with the agents in 
doses according to body weight. The intra- 
peritoneal route was used for all injections, 
since more consistent responses could be ob- 
tained by this route than by oral or subcu- 
taneous administration. The mice were in- 


* Mice were obtained from Hamilton Laboratory 
Animals, Inc., Cincinnati, O. 


TABLE I. Effect of Administering Ammonium 
Chloride and Bicarbonate, 15 Minutes Prior to 
Vanadium, on Vanadium Toxicity in Mice. Fatal- 
ity rate expressed as ratio of No. of animals that 
died (numerator) to those used (denominator). 


Controls, NH,Cl, 
mg/kg mg/kg no prior 400 NaHCO,, 
NaVO;:H.O asV _ treatment mg/kg 2 g/kg 
25 ail 8/20 17/20 
30 > OS, 12/20 5/20 


jected with substances suspected of altering 
vanadium toxicity into the left side of the 
peritoneal cavity, followed in 15 minutes by 
sodium metavanadate (NaVO3* H2O) _ in- 
jected into the right side of the peritoneal 
cavity. Solutions of sodium metavanadate 
were prepared in physiologic saline solution 
at a concentration of 4 mg/ml with a resultant 
pH of 7.0. 

Results. Table I shows that ammonium 
chloride administered 15 minutes prior to 
vanadium resulted in a decrease of toxicity of 
NaVO3° H20 at a level of 30 mg/kg. The 
mortality ratio of 12/20 (60%) was reduced 
to 5/20 (25%) by the acid chloride. Bicar- 
bonate administered in the same manner con- 
versely increased the toxicity of 25 mg/kg 
NaVO3* H2O from 8/20 fatalities (40%) to 
17/20 (85%). The doses of ammonium 
chloride and sodium bicarbonate used in the 
above tests, were the largest doses which could 
be used without producing signs of toxicity in 
the mice as determined by separate toxicity 
tests. 

Table II shows that acidifying the 
NaVO3° HO solution to pH 1.8 before in- 


PH EFFECT ON V Toxicity 


TABLE II. Toxicity of Acid and Alkaline Solu- 

tions of NaVO;-H,0 and of a More Acidic Vana- 

dium Salt. Fatality rate expressed as ratio of No. 

of animals that died (numerator) to those used 
(denominator). 


mg/kg 7-—NaVO;- H,O solutions—, NH,VO,, 
_as V ELVA) | jolahlycts. Sons lake) i pH 6.1 
9.1 8/20 7/20 
10.9 12/20 1/20 2/20 
14.6 17/20 0/20 14/20 


jection resulted in decreasing the toxicity of 
10.9 mg/kg V (LD60)+ and 14.6 mg/kg V 
(LD85)+ doses to the point that these doses 
were practically nonlethal. Alkalinization of 
the vanadium solution prior to injection as 
seen in Table II had no effect on NaVOsz °* 
H.O toxicity. As can be seen also in Table 
II, column 5, NH,VOz3 is only slightly less 
toxic than NaVO3;* H2O at 14.6 mg/kg V; 
however, when the two compounds are com- 
pared at 10.9 mg/kg V, NH.zVOs is found to be 
lethal to 10% of the mice, whereas, NaVO3; ° 
H,0O is lethal to 60% of the mice. The solutions 
of NaVO3* HsO and NH,VOz; used in this 
comparison were made to the same concen- 
tration in respect to vanadium and were not 
buffered. 

Discussion. From the data presented, it 
appears that detoxication of vanadium may 
be affected by the bicarbonate reserve of the 
blood. Since alkalinization of a vanadium 
solution did not increase the toxicity, whereas 
injecting large amounts of bicarbonate into 
the mice did result in an increase in vanadium 
toxicity, it appears that excessive blood bicar- 
bonate may retard the process of converting 
vanadium to a less toxic state. One of the 


t Values taken from experimentally determined 
points. 
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means by which vanadium is detoxified ap- 
pears to be acidification. This is further sup- 
ported by the fact that ammonium chloride 
administered prior to vanadium decreased 
vanadium toxicity and acidification of vana- 
dium solutions prior to injection, markedly 
reduced the toxicity. 


On the basis of the foregoing results, it was 
predicted prior to testing that ammonium 
metavanadate would be less toxic than sodium 
metavanadate for 2 reasons: 1) Ammonium 
vanadate is more acid than sodium vanadate, 
and 2) it is also likely that NH3 would be 
metabolized by the body to form urea, leaving 
HVOs a stronger acid as residue. 


Summary. 1. Data have been presented to 
show that pH plays an important role in the 
toxic response of mice injected’ with vana- 
dium. Shifting the pH of vanadium solutions 
toward greater acidity tended to decrease the 
toxicity. 2. One of the processes by which 
vanadium is detoxified is probably acidifica- 
tion. Increasing the blood bicarbonate con- 
versely appears to retard detoxication. 


Acknowledgment is herewith made to Dr. Herbert 
E. Stokinger for helpful suggestions and review of 
this manuscript. 
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Breakdown of Urea in the Rat. (20662) 


Fu-CHUAN CHAO* AND H. TARVER. 


From the Department of Physiological Chemistry, School of Medicine, University of California, 
Berkeley. 


At the present time there is an apparent 
conflict in the evidence regarding the stability 
of urea in the animal organism, especially in 
the rat. Bloch(1) found that when urea-N’° 
was fed to rats over a period of 3 days the N™® 
concentration in the excreted ammonia was 
only 4% and that in the liver protein was less 
than 2% of that in the urinary urea. This 
led him to believe that urea once formed in 
the rat was subject to little breakdown. The 
more recent experiments of Kornberg and 
Davies(2), carried out in the cat led to quite 
similar results. In contrast to these results 
obtained with urea-N?°, Leifer and coworkers 
(3) found that when urea-C!* was adminis- 
tered to mice 21% of the C™ appeared in the 
respiratory air in 48 hours. Skipper and co- 
workers(4) found that in the same species 
about 9% appeared in the respiratory air in 
10 hours and a total of 80% of the C™ was re- 
covered in the urine after 24 hours. These 
data indicate a great lability of urea in the 
mammal and are in agreement with the nutri- 
tional data of Lardy and Feldott(5) and Rose 

-and coworkers(6) who have shown that the 
growth of rats, on diets containing nitrogen in 
the form of essential amino acids only, could 
be improved by adding urea or ammonium 
salts to the diet. Since urease is present in the 
gastric mucosa of most species(7-9), it is 
tempting to attribute the breakdown of urea 
which has been observed, to the action of this 
enzyme. However, it is equally possible that 
in the intact animal the major part of the de- 
composition is due to the action of the intes- 
tinal microflora. 

The object of the present experiments was 
to determine the site of urea breakdown in the 
intact rat and to assess its significance. The 
results show that urea-C!* when injected into 
normal rats is decomposed to a considerable 
extent into carbon dioxide, up to 40% appear- 


* Present address, Laboratory for Study of Heredi- 
tary and Metabolic Disorders, College of Medicine, 
University of Utah. 


TABLE I. Metabolism of Urea-C* in Rats. 
Experiments were on normal rats except Ip.3 in 
which the animal was pretreated with succinyl sul- 
fathiazole for 2 days and in Se.2 in which the 
animal was eviscerated. The experimental period 
was 24 hr except in the eviscerated animal in which 

the period was 9 hr. 


Fraction of dose ex- 
creted in exp. period 


IDOSC/ 0: 
Wt of urea, t Respired 
Exp.* rat, g mg Urine, % ° air, % 

Ip.1 230 4.5 43.8 40.4 
2 250 4.5 67.5 30.5 
3 244 4.75 69.5 18.9 
Se.1 240 4.75 75.6 21.2 
2 250 2.5 24.9 3.6 


* Tp. and Se. indicate inj. of urea made into the 
peritoneal cavity or subcut. 

t In terms of radioactivity dose varied between 
1.4 and 2.8 X 10° counts/min. 


ing in the respiratory gases in the first 24 
hours. The eviscerated rat, however, breaks 
down urea at a comparatively slow rate. Iso- 
lated tissues from rats were also found to cause 
comparatively little urea breakdown, although 
the reverse was the case with washings from 
the intestine. It is clear from these experi- 
ments and from those of Bloch, who used 
urea-N?, that in the rat, urea breakdown 
occurs continually at a rather rapid rate due 
to the activities of urease in the intestinal flora 
and gastric mucosa. The ammonia is again 
reconverted into urea. This conversion has 
been repeatedly demonstrated both in vivo 
(10) and by enzymatic experiments. 


Methods. The urea-C!* was purchased from 
the U.S. Atomic Energy Commission to whom 
our thanks are due. Before use it was diluted 
with suitable amounts of inert urea. The 
Long-Evans rats used in the im vivo experi- 
ments were adults with weights shown in Table 
I. They were maintained on a diet of Purina 
laboratory chow prior to the experiment. After 
the injection of the urea, which was made 
either subcutaneously or into the peritoneal 
cavity, the animals were kept in an all glass 
metabolic cage through which a slow stream 
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FIG. 1. Cumulative excretion of carbon dioxide- 

C™ following the administration of urea-C“* to rats 

either into the peritoneal cavity (Ip.) or subcutan: 

eously (‘Se.). In exp. Ip.3 the animal was treated 

with succinyl sulfathiazole, and in Se.2 an evis- 
cerated animal was used, 


of carbon dioxide-free air was passed. The 
expired carbon dioxide was collected in sodium 
hydroxide using 2 milli-equivalents of the base 
per minute of collection time. Urine was col- 
lected in dilute hydrochloric acid contained 
in flasks connected to the metabolic apparatus. 
The rat used in experiment Ip. 3 was pre- 
treated with succinyl sulfathiazole for two 
days (1 ml 10% solution twice a day) prior 
to the administration of the urea, and that 
used in experiment Sc. 2 was eviscerated fol- 
lowing an overnight fast. Our thanks are due 
to Dr. W. O. Reinhardt for performing the 
operation. Rat tissues and washings from the 
intestine used in the im vitro experiments were 
incubated in flasks with an inlet tube equipped 
with a sintered glass tip. The outlet tubes 
were provided with absorbers for carbon diox- 
ide which was swept over with a slow stream of 
oxygen. For medium, Krebs-Ringer-phos- 
phate buffer containing 0.4 g glucose per 100 


Percent of Urea-C'* Found 
as Carbon Dioxide 
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ml was employed at a temperature of 38°. 
For the determination of radioactivity the 
carbon dioxide was precipitated as the barium 
salt which was washed, dried and then sedi- 
mented on to aluminum discs. ‘Aliquots of 
urine were dried on glass discs at room tem- 
perature. All radio activities were measured 
in duplicate on a Geiger-Miiller counter, and 
were corrected for self-absorption. 

Results and discussion. The extent to which 
the C'* from urea was excreted in the urine 
and expired air by rats under several condi- 
tions is shown in Table I, and the time course 
of the appearance of the C1! in the carbon 
dioxide is shown in Fig. 1. From these data 
it is clear that there is a considerable and quite 
rapid decomposition of urea to give carbon 
dioxide in the intact rat, and that the amount 
decomposed is less when the substance is given 


subcutaneously. It is also evident that the 
decomposition was reduced by pretreating the 
animal with succinyl sulfathiazole, and 
90 Intestinal 
Washings 
70 
Intestinal 
Washings + 
50 A aman LN 
Antibiotics 


Filtrate of 
Intestinal Washings 


Pi paid Gol a Ouran 
Time in Hours 


Cumulative formation of carbon dioxide 
from urea-C“ by washings from the intestine. Anti- 
biotics used/10 ml, penicillin 50000 units, dihy- 
droxystreptomycin 2 mg, sulfasuxidine 4 mg, sul- 
fathiazin 1 mg. 
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TABLE II. Metabolism of Urea in Isolated Tissues 
from the Rat. 
About 1 g wet wt of tissue was incubated in Krebs- 
Ringer-Phosphate containing 0.4% glucose and 1 
mg of urea-C™, 3.2 to 5.6 X 10° ¢.p.m. and the CO, 
formed was aerated into base. Samples were taken 
at hourly intervals. 


Fraction of urea-C“ appearing as CO, 


Interval, Liver Kidney Stomach 
hr slices, % slices, % sections, % 
0-1 15 16 04 
0-2 23 19 .09 
0-3 24 a8 14 
0-4 .24 41 16 
0-5 —_ — .20 
0-6 — 49 30 


especially by evisceration. In the last men- 
tioned condition there was little appreciable 
decomposition of the urea at all, particularly 
in the first 3 or 4 hours of the experiment. 
Subsequently, the rate appeared to increase 
which may be due to contamination with 
bacteria. 

The production of respiratory carbon diox- 
ide follows monomolecular reaction kinetics 
from 0.5 to about 5 hours after the injection 
of the urea when the substance is given intra- 
peritoneally, the half time being of the order 
of one hour. Gould and coworkers(11) found 
a half-time for loss of carbon dioxide follow- 
ing the injection of bicarbonate to be about 
15 minutes. Hence, the rate governing process 
must be that for urea decomposition. 

The in vitro experiments with liver, kidney 
and stomach tissue show that there is little 
decomposition of urea by these tissues( Table 
II). It is evident that these organs could 
not account for the extensive urea breakdown 
observed in the in vivo experiments. However, 
when intestinal washings were incubated with 
urea considerable decomposition occurred in a 
few hours. This decomposition was not found 
when the washings were filtered, nor to such 
a great extent when antibiotics were present. 
Taken together with the previous results it 
appears that the greater part of the urea 
breakdown must be attributed to the activity 
of the intestinal flora and not to the tissues of 
the rat itself. 

The indications from these experiments are 
that urea is not a stable substance in the rat 
but rather that it undergoes a continual de- 


composition. There is a type of urea cycle 
in the animal. Urea being freely diffusible 
appears in the secretions into the intestine and 
is in part decomposed there by the micro- 
organisms. The resorbed ammonia is imme- 
diately reconverted to urea by the liver. 
Sprinson and Rittenberg(12) and others 
(13) have administered amino acids such as 
glycine-N!° to animals in attempts to deduce 
rates of turnover of body protein from the 
rate of excretion of the N?, largely in urea. 
It is obvious that the urea breakdown-resyn- 
thesis mechanism which has been shown to 
exist may modify the N’ excretion rate, and 
that in animals under different conditions, with 
different intestinal flora, different rates of N® 
excretion may exist for this reason alone. 
Summary. A rapid breakdown of urea-C1* 
is observed in the intact rat but this is en- 
tirely absent in the eviscerated animal. Due 
to the existence of this breakdown which is 
immediately followed by resynthesis, there is 
a type of urea cycle in the intact animal. No 
significant breakdown of urea occurs in either 
liver, kidney or stomach, but the intestinal 
washings rapidly decompose the substance. 
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Resistance in Leukemic Cells to an Adenine Antagonist, 6-Mercaptopurine. 


(20663) 


L. W. Law. 
From the National Cancer Institute, Bethesda, Md* 


Transformations have been obtained to 
resistance or dependence in leukemic cells of 
the mouse by the use of several antimetabo- 
lites: folic acid analogs(1,2-4) and the tri- 
azolopyrimidine analog of guanine, 8-Azagua- 
nine(5). Such transformations have been 
shown to be stable, irreversible and heritable, 
‘and have been produced readily in several 
transplantable lines of lymphocytic leukemia 
(6). Experimental findings favor the as- 
sumption that the variant lines produced by 
the use of antimetabolites arise by mutation 
and the role of antimetabolite is merely as a 
selective agent(7). 

Preliminary evidence which suggests that 
purine analogs act as antagonists of nucleic 
acid synthesis has encouraged investigation 
-of the role of these compounds in the inhibi- 
tion of cancerous growths. The adenine 
analog, 6-mercaptopurine, has been shown to 
act as a purine antagonist in the metabolism 
of Lactobacillus casei(8). It has also been 
shown to be a unique inhibitor of Sarcoma 
180(9) and of certain mammary adenocar- 
cinomas(10). Limited clinical trials of this 
compound in advanced leukemia of children 
have been encouraging(11). 

Definite, regular and reproducible inhibi- 
tion of growth of leukemic cells has been 
obtained in 2 transplantable lines of acute 
lymphocytic leukemia. No increase in sur- 
vival time of mice bearing 2 other transplant- 
able acute lymphocytic leukemias could be 
obtained. In leukemia L 1210(12), particu- 
larly, striking increases in survival time were 


* National Institutes of Health, U. S. Public 


Health Service. 


observed and are described here. Following 
the methods used previously in obtaining 
transformations to folic acid antagonists(4) 
and 8-Azaguanine(5), a resistant subline of 
leukemia L 1210 has been developed using 
6-mercaptopurine as the selective agent. 
Some of the pertinent characteristics of these 
L 1210 resistant leukemic cells will be con- 
sidered. 


Transplant generations 202 to 251 of the 
sensitive subline of leukemia L 1210 have 
been used as control material for the present 
study. Beginning with the 202nd transfer, 
a standard dose of leukemic cells (8 x 10° 
cells) in Lockes’ solution was inoculated sub- 
cutaneously in the right axillary region of 
18-20 g DBA/2 strain mice. These mice sub- 
sequently received daily injections, beginning 
at 24 hours, of the adenine analog, 6-mercap- 
topurine.t The compound was dissolved in 
0.1 N NaOH then diluted with sterile saline 
so that the constant volume injected sub- 
cutaneously was 0.025 cc per g of body 
weight. Daily injections were continued un- 
til palpable growths sufficient for transfer 
were obtained. During the first 3 transfers 
the total dosage of analog was 262.5 mg/K 
(37.5 mg/K x 7 days) and subsequently the 
total dosage was 525 mg/K (75 mg/K x 7). 
Transfers of leukemic cells were done at 9 to 
11 days during the first 4 transfer generations 
and later at 7 and 8 days as larger subcutane- 


+ This compound furnished by Dr. George Hitch- 
ings of The Wellcome Research Laboratories, Tuck- 
ahoe, N. Y. A-methopterin and 8-Azaguanine, were 
supplied by Lederle Laboratories Division, American 
Cyanamid Co. 
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TABLE I. Development of Resistance in Leukemia 
L 1210 Following Continuous Treatment with Aden- 
ine Analog 6-Mereaptopurine. DBA strain of mice. 


Time trans- 
Transfer No. planted, 
generations mice days 


Dosage Tumor 
(mg/kg) wt (mg) 
Daily Total at 8 days 


L 1210-6-mercaptopurine-resistant 


G- 1to 3% 3 9-11 37.5 262.5 0 
4 5 8 75 525 280.4 
4 5 8 0 420) 
5to 7 aye 8 75 525 t 
8 5 8 75 525 81 
8 5 8 0 45 
9 to 12 ay 8 KS 525 a 

ils} 10 8 Th3) 525 200 
13 10 8 0 251.8 
14 to 39 5* Hs 75 525 Approx. 
500 
L 1210 sensitive 

206 8 8 75 525 0 

8 8 0 450.9 
210 8 8 75 525 0 

8 8 0 496.3 
212 8 8 75 525 0 

8 8 0 590.2 
* Hach. 


+t Carried only. 

¢{ Transfer generation G-1 was derived from 
transfer generation G-202 of the L1210 sensitive 
line; thus, transfer generation G-206 is the control 
transfer for G-4 of the resistant subline. 


ous growths appeared in animals receiving 
the near-MTD dosage. The difference in re- 
sponse to 6-mercaptopurine in the transfer 
line grown only in mice receiving the analog 
and in the control (sensitive) line may be 
seen in Table I. Very little difference in 
weights of the subcutaneous tumor grown in 
mice with and without analog were observed 
in the line being developed for resistance 
whereas complete inhibition of growth of 
leukemic cells, at 8 days, was observed in the 
sensitive control line at comparable transfer 
generations. 


The 6-mercaptopurine-resistant subline has 
now been carried through 39 consecutive sub- 
cutaneous transfers in DBA/2 mice receiving 
the near-MTD of this analog, 525 mg/K 
(75 mg/K x 7). Sizeable tumor growths of 
nearly 500 mg are always obtained in the 
presence or absence of the analog, indicating 
the development of resistance. The depend- 
ence phenomenon characteristic of other 
transfer lines has not been observed although 


only one other variant subline (also resistant) 
has been developed in this laboratory using 
this compound. That the variant cells de- 
scribed here exhibit resistance to 6-mercapto- 
purine is shown also in experiments using 
leukemic death, following transfers intra- 
peritoneally, of the standard dose of leukemic 
cells, as the criterion. The mean survival 
time of mice bearing the sensitive subline of 
L 1210 was 7.9 + 0.06 days whereas an in- 
crease of survival of 87.3%, to 14.8 + 0.18 
days was obtained using 6-mercaptopurine 
within the total dosage range of 250-1200 
mg/K. In contrast, identical survival times 
were obtained in mice bearing the 6-mercapto- 
purine-resistant cells, with and without the 
analog (Table II). 

Significant and reproducible increases in 
survival time in DBA/2 or CDF; mice bear- 
ing the sensitive, control leukemia L 1210 
were obtained at dosage levels of 250 mg/K 
(50 mg/K x 5 days) to 1000 mg/K (125 
mg/K x 8 days). Slight losses in body 
weight, never exceeding 1.5 g, were obtained 
only at dosage levels of 600-1000 mg/K. 
Within the dosage range of 250 to 600 mg/K, 
regular increases in body weight were ob- 
tained. No deaths attributable to the drug 
were found at the highest dosage level used. 
The effects obtained at the higher dosage 
levels were within the same range as those 
obtained at the 300-600 mg/K level. 

The possibility was considered that resist- 
ance developed to one purine-antagonist might 
extend to other purine antagonists and pos- 
sibly folic acid antagonists. Of the com- 
pounds used, the triazolopyrimidine analog, 
8-Azaguanine has been shown to have leu- 
kemia-inhibiting properties in certain leuke- 
mias, especially in the lymphocytic leukemia 
L 1210 used in this study. Thioguanine also 
has been shown to effectively and regularly 
increase survival time of L 1210 leukemic 
mice whereas 8-Azaxanthine (resulting from 
deamination of 8-Azaguanine) and 2,6-di- 
aminopurine are ineffective. The comparative 
effects of these compounds, as well as of the 
folic antagonist, A-methopterin (4-amino-N2” 
methyl PGA) are shown in Table II. Resist- 
ance to 6-mercaptopurine is accompanied by 
resistance to all other purine and pyrimidine 
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TABLE II. Effects of Purine Analogs and a Folic Antagonist on Survival Time of Mice Bearing (A) 


Sensitive Leukemia L.1210 and (B) 


6-Mercaptopurine-Resistant Leukemia L 1210, DBA or CDF, strain 


of mice.* : 


No. Mean survival 
’ separate Total —Dosage (mg/kg )— time, days % increase 
Compound exp. No.mice Individual Total (range) © in survival 
(A)—L 1210-sensitivet 
Controls 18 145 None 7.9 ( 7— 9)¢ ae 
6-Mercaptopurine 15 106 50 -125 250-1000 14.8 (10-22)6 87.3 
8-Azaguanine 6 56 75 450— 600 12.4 (10-20) 60.0 
8-Azaxanthine 5 48 75 -113 450— 800 S.C 7-10) 
2,6-Diaminopurine 3 24 75 450— 600 8.0 ( 7-10) — 
Thioguanine 4 26 7.5- 10.0 20— 30 13.7 (12-15) 73.5 
4-Amino-N® methyl PGA 4 35 3 24 18.1 (14-23) 129.1 
a 9 80 3 12 16.7 (13-20) 111.4 
(B)—L 1210-6-mercaptopurine-resistant 
Controls 5 42 None 9.9 ( 9-11) — 
6-Mercaptopurine 5 42 75 525 10.0 ( 9-11) -— 
§-Azaguanine 3 24 75 600 9.6 ( 9-11) — 
8-Azaxanthine 4 27 75 600 94a (eo-13)) — 
2,6-Diaminopurine 3 24. 75 600 Mey (C Galli) a 
Thioguanine 4 32 7.9 30 9:8 ( 8-11) — 
4-Amino-N” methyl PGA 2 20 3 24 28.8 (22-38) 190.9 
. 2 18 3 12 19.3 (18-22) 95.0 


* ODF, mice = 9 BALB/c X DBA/2 F, hybrids. No differences in survival times were noted be- 


tween DBA and CDF, mice, nor between sexes. 


+t Comparable transfer generations were used for these data; for L1210 sensitive, transfers 202 to 
251 and for the transformed, 6-mercaptopurine-resistant line, transfers 10 (210) to 39 (239). 


+ Stand. errors are given in the text. 


§ Mean age at death from leukemia of mice receiving total dosage of 6-mercaptopurine at the 250 
mg/kg level was 13.2 days; 300-450 mg/kg—15.3 days; 525-600 mg/kg—15.3 days and 750-1000 mg/ 


kg—14,.2 days, See text, 


antagonists studied. This is unlike the re- 
sistance phenomenon in L. casei in which re- 
sistance to this compound was not accom- 
panied by resistance to other adenine antago- 
nists, particularly 2,6-diaminopurine, 8-Aza- 
denine, and purine and 8-Azaguanine, a 
guanine antagonist(13). 

Dosage levels of 6-mercaptopurine as high 
as 600 mg/K were without effect on survival 
time of DBA/2 of CDF, mice bearing an 
8-Azaguanine-resistant line of L 1210, indi- 
cating again cross-resistance, whereas the 
analog provided for near-optimal growth, as 
determined either by weight of localized 
lymphomatous tissue or survival time of an 
8-Azaguanine dependent line of this leu- 
kemia(14). 

It has been shown in tests employing 
L. casei that 6-mercaptopurine inhibition of 
growth is not reversible with folic acid 
(pteroylglutamic acid)(13). Further  evi- 
dence that this analog is not an “anti-folic” 
is shown in the sensitivity of the L 1210-6MR 
subline to 4-amino-N*° methyl PGA. A more 


striking inhibition of leukemic cell growth by 
this folic acid antagonist is seen in mice bear- 
ing intraperitoneal transplants of the 6-mer- 
captopurine-resistant subline than in mice 
bearing the control L 1210-S subline, particu- 
larly at near-MTD levels (3 mg/K x 8 days). 
An increase in survival time of nearly 200% 
from 9.9 + 0.10 days to 28.8 + 0.90 days 
was obtained whereas an increase from 7.9 
+ 0.06 to 18.1 + 0.69 was shown among 
controls. It remains to be determined 
whether this increased sensitivity to a folic 
antagonist results from a_ significantly in- 
creased requirement for folic acid which is 
found to be characteristic of a strain of 
L. casei resistant to 6-mercaptopurine(13). 
It is interesting to note that 2 other trans- 
formations in leukemia L 1210, resistant to 
8-Azaguanine and dependent upon 8-Aza- 
guanine, are also accompanied by even more 
striking sensitivity to the folic analog, 4- 
amino-N!° methyl PGA, resulting in increases 
in survival of leukemic mice over the controls 
to 400% and more(14). On the other hand, 
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resistant and dependent leukemic cells de- 
veloped by the use of 4-amino-N?° methyl 
PGA have not shown an increased sensitivity 
to the purine antagonists. 


Extensive attempts to reverse the anti- 
leukemic activity of 6-mercaptopurine in the 
L 1210 sensitive line by natural purines have 
been relatively unsuccessful. Guanine (25 
and 50 mg/K x 4) adenine (50, 75, 100, and 
150 mg/K x 4), xanthine (100 and 300 mg/K 
x 4) and hypoxanthine (100, 300, and 500 
mg/K x 4) were given intraperitoneally every 
Other day beginning at 24 hours following 
inoculations of leukemic cells and one hour 
prior to injections of 50 mg/K of 6-mercapto- 
purine. In 2 cases significant reversals were 
seen: 50% reversal, as measured by leukemic 
death was obtained by adenine at a dosage 
level of 75 mg/K x 4 and 50% reversal by 
hypoxanthine (300 mg/K x 4). However, 
these effects were not consistent from experi- 
ment to experiment and are in constrast to 
results with ZL. casei in which growth inhibi- 
tion is prevented competitively and appar- 
ently with ease by any of these 4 purine 
bases(13). 

No morphologic changes have been ob- 
served in the sensitive line of leukemia fol- 
lowing exposure to this adenine analog or in 
the resistant line developed by continuous 
exposure im vivo. 


Summary. 1. The adenine analog 6-mer- 
captopurine has been shown to inhibit leu- 
kemic-cell growth of the acute lymphocytic 
leukemia L 1210 in a definite, regular and 
reproducible manner. Lower dosage levels of 
this compound appear to be as effective as 
higher (near-MTD) levels as measured by 
the criterion of leukemic death. 2. A resistant 
subline of leukemia L 1210 has been de- 
veloped by consecutive passage of leukemic 
cells in DBA/2 strain mice receiving daily 
injections of 6-mercaptopurine. Resistant 


leukemic cells grow optimally either in the 
presence or absence of the antagonist. 3. Re- 
sistance to 6-mercaptopurine is accompanied 
by resistance to all other purine analogs 
tested: 8-Azaguanine, 8-Azaxanthine, 2,6- 
Diaminopurine, and thioguanine, some of 
which are moderate anti-leukemic agents in 
the sensitive line of this transplantable leu- 
kemia. 4. An increased sensitivity to the 
folic acid antagonist, 4-amino-N?° methyl 
PGA (A-methopterin) is a characteristic of 
the resistant variant as well as of 2 other 
variant lines developed through the use of 
8-Azaguanine. 5. Attempts to reverse the 
anti-leukemic activity of 6-mercaptopurine by 
the physiologic purines adenine, guanine, 
xanthine, and hypoxanthine have been rela- 
tively unsuccessful. 
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Production of Cx-Protein in Rabbits by Cytotoxic Agents. 
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(Introduced by J. Howard Mueller.) 


From the Department of Pathology, University of Cambridge, England 


In 1951, Anderson and McCarty confirmed 
the occurrence in the rabbit of an acute-phase 
protein analogous to human C-reactive pro- 
tein(1). They caused this material to be 
produced in the rabbit in response to the 
injection of either virulent pneumococci, viru- 
lent streptococci or of a vaccine containing 
killed typhoid organisms. Twelve to 24 hours 
after the injection of these agents the acute- 
phase protein could be detected in the sera 
of the animals. 

In the several experiments reported here 
our aim. was to attempt to produce this acute- 
phase protein (Cx-protein) in rabbits by the 
use of agents which do not produce an inflam- 
matory response, but which have a direct 
action on the leukocytes and cells of the 
reticulo-endothelial system(2). For this pur- 
pose. X-radiation, nitrogen mustard and 
amethopterine? were used. The rabbit sera 
containing Cx-protein and a specific antiserum 
prepared against this substance were drawn 
into capillary tubes following the method de- 
scribed by Swift, Wilson and Lancefield(3). 
The quantity of precipitate which resulted 
from mixture of antigen and antibody was ex- 
pressed semi-quantitatively as varying from 0 
to +++. The specific Cx-protein antiserum 
was kindly furnished to us by Dr. Harrison 
Wood of the Rockefeller Institute for Medical 
Research. The rabbits were bled at the begin- 
ning of the experiment and usually daily 
thereafter. The blood, which was obtained 
from the ear veins, was allowed to clot over- 
night in vaseline-lined tubes at room tempera- 
ture; the serum was separated off the next 
day. Leukocyte counts were performed daily, 
but are not recorded here because there was 
no obvious correlation between the variation 


* British Council Scholar, University of Cam- 
bridge. Now Research Fellow, Peter Bent Brigham 
Hospital, and Harvard Medical School. 

+ Fulbright Scholar, University of Cambridge. Now 
Lecturer in Medical Microbiology, Yale University 
School of Medicine. 

¢ Kindly furnished to us by Lederle Laboratories. 


TABLE I. Appearance of O,-Protein Following 
X-Radiation. 


——— _ Hours after treatment ————_, 


Rabbit 0 24 48 72 96 144 192 
R 2357 — + —_ 
2358 


+ — 
2809 a tee eas treba eae 


TABLE II. Appearance of C,-Protein Following 
Nitrogen Mustard. ! 


Hours after treatment—————_, 


Rabbit 0 24 48 72 96 120 192 
R2360 — ++ 4+ — ++ 44 44 
2361 — +4+4+ ++ — — 44+ = 
2362 — + —- -—- = SPARE oa 
TABLE III. Appearance of C,-Protein Following 


Amethopterine. 


Hours after treatment————_, 
48 72 96 120 144 168 


Rabbit 0 24 
93 000MM See 
SAR eae Se See 
++ 


2362 — 


in the leukocyte differential counts and Cx- 
protein production. In these experiments the 
following results were obtained. 


1. X-radiation. Three rabbits were irradi- 
ated for 30 minutes with a surface dose of 
300 r.§ In 2 rabbits Cx-protein was produced 
in only small amounts; in the third, which 
produced more Cx-protein, death occured on 
the sixth day, and the rabbit was shown to 
have coccidiosis. (Table I) 

2. Nitrogen mustard. Three rabbits were in- 
jected with nitrogen mustard (Boots); each 
received a single intravenous injection of 
2mg/K. (Table II). It is interesting that in 
all three rabbits Cx-protein disappeared on 
the third day and in each case reappeared 
later. 

3. Amethopterine. Three rabbits were in- 
jected with amethopterine (Lederle); each 


§ The rabbits were kindly irradiated by Prof. 
Mitchell of the Radiation Laboratory, University of 
Cambridge. 
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was given a single injection of 2.5 mg/K. 
(Table IIT). 

Summary. An acute phase protein (Cx-pro- 
tein) has been produced in the rabbit by the 
administration of 3 cytotoxic agents: X-radi- 
ation, nitrogen mustard, and amethopterine. 


The authors greatfully acknowledge the kind help 
and advice of Drs. R. R. A. Coombs and R. I. N. 


Greaves. 
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Effect of Partial Deficiency of Threonine on Enzyme Activity and Fat 


Deposition in Liver.* 


(20665) 


A. E. Harper, W. J. Monson, G. Lirwack, D. A. Benton, J. N. WILLIAMs, JR., 
AND C. A. ELVEHJEM. 


From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 


The activities of certain liver enzymes are 
affected by the quality and quantity of the 
protein and by the amounts of certain amino 
acids in the diet(1,2). The activity of liver 
xanthine oxidase, for example, drops when 
the level of either tryptophan or methionine in 
the diet is reduced(3,4). Liver fat deposition 
in animals fed diets containing choline is also 
affected by the quality and quantity of the 
dietary protein(5,6) and by the levels of indi- 
vidual amino acids. The accumulation of fat 
found in the livers of rats fed 9% casein diets 
is reduced when such diets are supplemented 
with threonine(5,7). Since partial deficiencies 
of amino acids affect both liver enzyme ac- 
tivity and liver fat deposition a study of the 
effect of a partial deficiency of threonine on 
the activities of certain liver enzymes has been 
undertaken in an effort to demonstrate a cor- 
relation between enzyme activity and fat de- 
position. 

The enzyme systems chosen for the initial 
study were: xanthine oxidase, which is known 
to be sensitive to alterations in dietary pro- 
tein; tyrosine oxidase, which is a soluble cyto- 


* Published with the approval of the Director of 
the Wisconsin Agricultural Experiment Station. This 
work was supported in part by grants from Swift 
and Co., Chicago; the Gelatin Research Society of 
America, Inc., New York City; and the Research 
Committee of the Graduate School from funds 
supplied by the Wisconsin Alumni Research Foun- 
dation. 


plasmic enzyme system(8) yielding aceto- 
acetate as an end product of tyrosine oxida- 
tion: succinic oxidase, which is a mitochondrial 
enzyme essential for the operation of the tri- 
carboxylic acid cycle; choline oxidase which is 
a mitochondrial enzyme not involved in carbo- 
hydrate metabolism; and endogenous oxida- 
tion and decarboxylation, which give a meas- 
ure of the oxidative metabolism of endogenous 
substrates. 
Methods. Male weanling rats of the 
Sprague-Dawley strain weighing from 40 to 
50 g were separated into similar groups of 12 
animals each and were maintained in indi- 
vidual cages with raised screen bottoms. The 
animals were fed the experimental diets ad 
libitum and each animal was weighed weekly 
during the experimental period of 2 weeks. 
The basal ration was composed of the follow- 
ing: Sucrose, 81.5; casein, 9.0; DL-methio- 
nine, 0.3; DL-tryptophan, 0.1; corn oil, 5.0; 
salts IV(9), 4; and choline chloride, 0.13%. 
Vitamins were added to provide, in mg per 100 
g of ration, thiamine, 0.5: riboflavin, 0.5; 
niacin, 1.0; calcium pantothenate, 2.0; pyri- 
doxine, 0.25; biotin, 0.01; folic acid, 0.02; 
vitamin By», 0.002; and inositol, 10.0. Two 
drops of halibut liver oil fortified with vitamins 


_E and K(6) were administered orally each 


week. DL-threonine, when supplemented in 
the ration, was added at a level of 0.36% and 
replaced an equal weight of sucrose. After 2 
weeks 6 animals from each group were sacri- 
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ficed for the determination of liver fat. The 
animals were stunned and decapitated and the 
livers were excised. Fat was determined by 
ether extraction of the dried and ground liver 
(10). The remaining 6 animals were used for 
the enzyme determinations. The animals were 
killed as described above. Each liver, imme- 
diately after being removed, was chilled in 
ice and blotted free of moisture. A weighed 
portion of each liver was homogenized with 5 
volumes of ice-cold 0.039 M sodium potassium 
phosphate buffer (pH 7.3). Xanthine oxidase 
activity of the homogenates was determined by 
the method of Axelrod and Elvehjem(11) and 
choline oxidase by the method of Williams, 
Litwack and Elvehjem(12). Endogenous 
oxidation was determined by measuring oxygen 
uptake of the homogenates in the absence of 
substrate. Endogenous carbon dioxide evolu- 
tion was determined by the “direct method” 
(13). For the determination of succinic oxi- 
dase 0.2 ml of a 0.4 M solution of sodium suc- 
cinate was placed in the side-arm of a War- 
burg vessel and in the main compartment were 
placed 0.6 ml of 0.039 M sodium potassium 
phosphate buffer, pH 7.3, and 1 ml of the 
homogenate. The total volume was made up 
to 2 ml by the addition of distilled water to 
the side-arm. A control vessel containing dis- 
tilled water instead of succinate was run simul- 
taneously to obtain a correction for endogenous 
oxidation. For the tyrosine oxidase determina- 
tion 0.2 ml of a 0.15 M suspension of L-tyro- 
sine and 0.2 ml of 0.15 M sodium a-ketogluta- 
rate were placed in the side-arm, and 1.6 ml 
of Krebs-Ringer phosphate buffer (pH 7.3) 
(13), and 1 ml of homogenate were placed in 
the main compartment. A control vessel con- 
taining distilled water in place of L-tyrosine 
was included. Potassium hydroxide, 0.2 ml 
of a 10% solution, was placed in the center 
well of each vessel, except those for the estima- 
tion of endogenous carbon dioxide evolution. 
The homogenates were kept in ice after prepa- 
ration and were pipetted as soon as possible 
(about 5 minutes after preparation) into 
chilled, prepared Warburg vessels. The ves- 
sels were incubated at 37°C for 10 minutes to 


reach temperature equilibrium. The substrates - 


or water were added from the sidearms and 
the stop-cocks were closed. Readings were 
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taken at 10 minute intervals (30 minute inter- 
vals for xanthine oxidase) until the activities 
of the enzymes had reached a maximum and 
begun to level off. Endogenous respiration 
measurements (oxygen uptake and carbon 
dioxide evolution) were contained in all cases 
for 1 hour. Xanthine oxidase activity was 
calculated according to the method of Axel- 
rod and Elvehjem(11). Succinic oxidase and 
choline oxidase were calculated from the series 
of 10-minute readings most nearly approach- 
ing a straight line when plotted against time. 
Tyrosine oxidase, endogenous oxygen uptake 
and carbon dioxide evolution, which appeared 
to be particularly unstable systems, usually 
reached a maximum during the first 10 minute 
interval and decreased in activity thereafter. 
Since it was considered that a better index of 
the activities of these systems would be ob- 
tained by taking into account both the actual 
activity and the stability of the enzyme system, 
the activity of the tyrosine oxidase system was 
calculated by averaging the first three 10- 
minute readings. The activities of the other 
two systems, endogenous oxygen uptake and 
carbon dioxide evolution, were calculated by 
averaging the six 10-minute readings obtained 
during 1 hour. 

The nitrogen content of the homogenates 
was determined by a micro-Kjeldahl method. 

The experiment, as outlined above, was 
carried out once and then duplicated in its 
entirety. A total of 48 rats was used in these 
studies. 

Results. Results of the growth studies and 
liver fat determinations are presented in Table 
I. In both experiments the inclusion of 
threonine in the basal diet caused an increase 
in the rate of growth that was accompanied by 
a substantial decrease in the percentage of fat 
in the liver. The variation in absolute values 
from experiment to experiment can probably 
be accounted for by variations in the nitrogen 
content of different lots of casein. 

Results of the enzyme determinations are 
presented in Table II. All values have been 
calculated on the basis of fresh weight of liver 
since the relative values remain unchanged 
when they are converted to a liver nitrogen 
basis (see footnote in Table II). The activi- 
ties of the cytoplasmic or soluble liver enzy- 
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TABLE I. Effect of Additional Dietary Threonine on Growth and Liver Fat of Rats Receiving 
a 9% Casein Ration Supplemented with Methionine and Tryptophan. 


F Growth ; Liver fat 
No. of No. of 
Exp. No. rats Basal + threonine rats Basal + threonine 
R g/whk > ‘ %o ay 
if 12 Sk (Ome ee) 19.5 = 2.2 6 40.4 + 2.1 20.7 = 1.6 
Nit 12 WOS7/ ae Uys) 25.38 + 2.2 6 26.9 + 2.0 1PYG) esritel 


* Stand. error of mean. 


TABLE II. Effect of Additional Dietary Threonine on Liver Enzyme Activity of Rats Receiving a 9% 
Casein Ration Supplemented with Methionine and Tryptophan. 


Exp. I — Exp. Il — TotalNo. ——Avg of 2 exp.—— 
Enzyme measured* Basal + threonine Basal + threonine of rats Basal + threonine 
Xanthine oxidase 10 64 25 50 24 17+ 6f 57+ Tt 
Tyrosine # 83 307 86 338 20 84+ 22 3224+ 19 
Succinie 5 2660 1740 2400 1520 22 2520 + 200 1620 + 160 
Choline Re 1620 1240 1560 960 20 1580+ 60 1090 +122 
Endogenous oxidation 1170 2040 855 1695 22 955 +190 1870+ 110 
Endogenous decar- 630 1590 473 aya PAL 560 + 90 1370 + 120 


_boxylation 


* Values expressed as y10. or CO./g fresh liver/hr. 


No significant change in relative activity of any 


of the groups was observed when calculated on the basis of liver nitrogen. 


_ + Stand. error of mean. 


mes, xanthine oxidase and tyrosine oxidase, 
were lower in homogenates from animals re- 
ceiving the basal diet without additional threo- 
nine. The reverse was true, however, of the 
mitochondrial enzymes, succinic oxidase and 
choline oxidase. Endogenous oxidation and 
carbon dioxide production, like the cytoplasmic 
enzymes, were considerably lower in the livers 
of animals which received no supplementary 
threonine. 

Discussion. The reduced deposition of fat 
found in the livers of animals which received 
the basal diet supplemented with threonine is 
in agreement with the results of previous re- 
ports(5,7). Although the inclusion of threo- 
nine in the basal diet caused increased growth, 
little correlation has been observed between 
its action in reducing liver fat deposition and 
its growth-promoting ‘activity (5,6). 

Increased activities of the mitochondrial 
enzymes in the homogenates from animals re- 
ceiving the basal diet were not anticipated. 
Since the capacity for oxidation of both suc- 
cinate and choline is greater and since liver 
fat deposition is greater when threonine is 
limiting, these observations do not support the 
hypothesis that the higher liver fat of animals 
receiving the basal diet is the result of de- 


creased synthesis of mitochondrial enzymes 
C7): 

The differences observed in xanthine oxi- 
dase activity can be correlated directly with 
the level of threonine in the diet. Since liver 
xanthine oxidase is known to be sensitive to 
specific amino acid deficiencies such as trypto- 
phan(3) and methionine(4), and since threo- 
nine is the limiting amino acid in the basal 
diet, these results indicate that the level of 
dietary threonine is also important in main- 
taining the activity of this enzyme. The re- 
duced activity of tyrosine oxidase, which is 
also a soluble enzyme located in the cytoplasm, 
can probably be similarly explained. 

The markedly lower endogenous respiration 
of liver homogenates from animals receiving 
the basal diet is indicative of a metabolic dif- 
ference between the 2 groups. However, since 
differences in these endogenous measurements 
may be caused by differences in any one of a 
number of factors (e.g. supply of respiratory 
substrates, concentration of co-factors, activi- 
ties of oxidative enzymes) it is not possible to 
link these changes directly with alterations in 
liver fat deposition. The possibility that the 
reduced endogenous respiration may be di- 
rectly related to the accumulation of liver fat 
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is worthy of further investigation. 

It is evident from the experiments reported 
in this paper that a partial deficiency of threo- 
nine causes marked changes in the activities of 
several liver enzymes as well as in the extent 
of liver fat deposition. Since these marked 
changes occur concurrently, it is suggested 
that the liver fat accumulation observed in 
animals fed 9% casein-sucrose diets is a re- 
’ flection of an alteration in the activity of one 
or more enzymes important: for normal liver 
function. 

Summary. The effect of a partial deficiency 
of threonine in the rat on the activities of 
several liver enzymes and on liver fat deposi- 
tion has been determined. Liver fat deposi- 
tion, in confirmation of earlier reports, was 
higher in animals receiving the threonine-de- 
ficient diet. The activities of the mitochondrial 
enzymes, succinic oxidase and choline oxidase, 
were higher in liver homogenates from threo- 
nine-deficient animals. Endogenous respira- 
tion and the activities of the cytoplasmic 
enzymes, xanthine oxidase and tyrosine oxi- 
dase, were lower in the livers of animals fed 
diets deficient in threonine. 
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Nedswedski(1-3) showed that bile salts 
were required for the synthesis of cholesterol 
ester from colloidal solutions of cholesterol 
and higher fatty acids by pancreatic choles- 
terol esterase. In the absence of bile salts, 
the enzyme was completely inactivated in 24 
hours, but if bile salts were present, it re- 
tained its activity almost completely for 10 
days. It was postulated that the bile salts 
exert their effect by stabilizing the enzyme. 
Klein(4) observed that hydrolytic cholesterol 
esterase of cattle pancreas was activated by 
bile acids, especially cholic acid. Nomura(5), 


Sym(6), and Vercellone(7) reported similar 
observations. Recent reports(8,9) have pre- 
sented improved procedures for studying hy- 
drolytic and esterifying cholesterol esterase 
systems. Both systems were demonstrated in 
pancreas(8,9) dog serum(10), and rat intes- 
tinal mucosa(11). The enzyme or enzymes 
occurring in these three tissues were alike in’ 
respect to optimum pH, inactivation tempera- 
ture, and in requiring bile salts for activity. 
Since the substrate emulsions employed in our 
experiments(8-12) were stable and uniform 
in composition in absence of bile salts, it 
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seemed unlikely that the effect of bile salts 
on activity of cholesterol esterase was due to 
their emulsifying action on the substrates. 
Also, we observed repeatedly that pancreatic 
homogenates, stored at 5-7°, retain full ac- 
tivity for 20-30 days in the absence of bile 
salts. Our experiments have confirmed pre- 
viously reported requirement of bile salts for 
cholesterol esterase activity, yet the results 
have not been in accord with any of the 
suggested explanations. 

In view of this and the possible role of this 
enzyme in absorption of cholesterol(13) it 
seemed desirable to investigate further the 
mechanism of the effect of bile salts on chol- 
esterol esterase activity. First, the compara- 
tive effect of different bile salts was deter- 
mined in both the hydrolytic and esterifying 
cholesterol esterase systems. Of the bile salts 
tested, sodium taurocholate and cholate were 
most active. It was observed that bile acids 
having 3, 2, and 1 hydroxyl groups respective- 
ly showed a decreasing order of activity while 
sodium dehydrocholate with no hydroxyl 
groups was inactive in promoting either syn- 
thesis or hydrolysis. Also evidence was ob- 
tained that optimal cholesterol esterase ac- 
tivity occurs when bile salts and cholesterol 
are present in a ratio of 1:1; an excess of the 
former produced inhibition of esterifying ac- 
tivity. 

Methods and materials. Fresh frozen hog 
pancreas was used as enzyme source and the 
homogenates prepared as previously described 
(11). The substrate mixtures were prepared 
as described earlier(8,9) and contained chol- 
esterol and oleic acid in experiments on the 
esterifying cholesterol esterase system and 
cholesterol oleate in those on the hydrolytic 
system. The pH of the digests for hydrolysis 
was 6.5 and for esterification, 6.1. The dif- 
ferent bile salts, (amounts indicated in Table 
I) were added during preparation of sub- 
strate mixtures. One cc of pancreas homoge- 
nate equivalent to .2 g fresh tissue was added 
to 12 cc of substrate mixture in all cases. In- 
cubation temperature was 37°C. In experi- 
ments on the esterifying system, samples were 
removed from the enzyme digests (substrate 
mixture plus pancreas homogenate) at 0 and 
either 1 or 3 hours; with the hydrolytic sys- 
tem samples were taken at 0 and 4 hours. 
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TABLE I. Effect of Bile Salts on Cholesterol 
Esterase Activity. 


— Activity* — 


Bile salt ————,__ Esteri- Hydrol- 
Cone. ficationt ysist 

Exp. Type (mMol) (mMol) (mMol) 
1 Taurocholate .186 ATT .089 
Glycocholate J .076 044 
Cholate % 300 103 
Desoxycholate “i 031 .043 
Lithocholate a 009 .006 
Dehydrocholate 8 .000 .000 
2  Taurocholate’ . "y 493 .079 
Glycocholate te .092 .055 
Cholate v 293 093 
Cholate + taurine 4 .293 .095 
Cholate + glycine a 281 095 
3  Taurocholate .000 -000 000 
Zz .065 204 040 
4 .086 301 .045 
a 129 362 .062 
‘ .258 407 .068 
H 516 255 .078 
* G aaelok 169 .095 


* Expressed as mMol cholesterol esterified or lib- 
erated by hydrolysis/g fresh tissue/hr. 

+ Substrate: .258 mMol cholesterol and .774 
mMol oleie acid/digest in Exp. 1 and 2. Choles- 
terol, oleic acid, .258 mMol/digest in Exp. 3. 

¢ Substrate: .258 mMol cholesterol oleate/digest. 


Other pertinent information given in Table I. 
Throughout the period of incubation the en- 
zyme was saturated with the substrate so 
that enzyme digests could be compared with 
one another in the same experiment. Total 
and free cholesterol fractions were determined 
by the method of Schoenheimer and Sperry 
(14) as modified by Sperry and Webb(15). 
All calculations based on amounts of free 
cholesterol present in the digests at zero time 
and at the end of the incubation period. Re- 
sults are expressed in terms of mmol of 
cholesterol esterified or liberated by hydroly- 
sis per g of fresh tissue per hour. 


Results. Influence of Different Bile Salts 
on Cholesterol Esterase Activity. Results 
shown in Exp. 1, Table I. Sodium tauro- 
cholate was the most active bile salt in pro- 
moting esterification. In the hydrolytic sys- 
tem taurocholate and cholate had approxi- 
mately the same activity. Glycocholate was 
markedly less active in promoting either 
esterification or hydrolysis than taurocholate 
or the comparable unconjugated salt, cholate. 
In the series of unconjugated bile salts a de- 
creasing order of activity was observed with 
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cholate, desoxycholate, lithocholate, and de- 
hydrocholate. These bile salts have 3, 2, 1, 
and 0 hydroxyl groups per molecule, respec- 
tively. 

Effect of Conjugated Versus Unconjugated 
Bile Salts. The data on the effect of different 
bile salts indicated that conjugation of cholic 
acid with glycine markedly decreased the 
effect of cholate in both esterification and hy- 
drolysis while conjugation with taurine en- 
hanced its effect in esterification. The pur- 
pose of Exp. 2 was to ascertain if the conju- 
gated bile salts function as a unit, or whether 
the components have independent effects. So- 
dium cholate exhibited the same degree of 
activation when alone or when in association 
with equivalent amounts of either taurine or 
glycine while the corresponding conjugated 
bile salts, taurocholate and glycocholate ex- 
hibited marked differences in promoting syn- 
thesis and hydrolysis in comparison to cho- 
late. It appears that the conjugated bile salts 
function as a unit and that free taurine and 
glycine have no effect on the activation of the 
enzyme by cholate. 

Effect of Bile Salt Concentration on Chol- 
esterol Esterase Activity. In previous work 
(9) it was observed that at a cholesterol level 
of .195 mmol as the amount of bile salt per 
digest was increased from 0 to .186 mmol 
there was a marked increase in the level of 
activity. Above this concentration and up 
to .280 mmol there were further increases in 
activity, but of a smaller magnitude. In the 
previous study the concentration of bile salts 
did not extend beyond .327 mmol. In Exp. 3 
the cholesterol concentration was held con- 
stant at .258 mmol and the taurocholate con- 
centration varied from 0 to .774 mmol. As 
the bile salt concentration was increased up 
to .258 mmol, the esterifying and hydrolytic 
activity increased. Above this concentration 
of bile salts and up to .774 mmol there was 
a depression of esterifying activity. In the 
hydrolytic system further activation occurred 
with increasing concentrations of sodium 
taurocholate, up to .774 mmol. 

Relationship of Substrate to Bile Salt Con- 
centration. Earlier(9) it was shown that in- 
creasing the oleic acid concentration from 1 
to 2 molar equivalents of cholesterol, with the 
bile salt concentration constant, doubled the 
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esterifying activity; further increases in oleic 
acid concentration did not significantly in- 
crease the esterifying activity. Bile salt con- 
centration was optimum for synthetic activity 
at the level of cholesterol used so it seemed 
that the oleic acid effect was a mass action 
effect and was independent of the bile salt 
concentration. ‘This and the observation re- 
ported above that the esterifying activity was 
maximal with the bile salt concentration at a 
1:1 ratio with cholesterol suggested that if 
the bile salt concentration were held constant 
and the cholesterol (and oleic acid) varied 
there should be an increase in activity up to 
a 1:1 ratio of cholesterol to bile salt; higher 
levels of cholesterol should have no effect. 
This type of experiment was run with choles- 
terol and oleic acid at .065, .129, .258, .516, 
and .774 mmol per digest with the taurocholate 
held constant at .258 mmol. The cholesterol 
esterified, as mmol per g fresh tissue per 
hour, was .153, .296, .430, .423, and .431, 
respectively. Thus, the esterification was 
maximal at a molar ratio of 1:1 for cholesterol 
and bile salt and there was no effect of higher 
levels of cholesterol. 

Conclusions. The data on the different bile 
salts suggest that several aspects of the struc- 
ture of the bile salt molecule are involved in 
their effects on cholesterol esterase activity. 
Firstly, taurocholic acid has a distinctly 
greater effect than either glycocholic or the 
unconjugated cholic acid (the latter in the 
esterifying system only). Secondly, conjuga- 
tion with glycine inhibits the effect of cholic 
acid. Thirdly, free taurine and glycine have 
no influence on the effect of cholic acid, 7.e. 
the effects of taurocholic and. glycocholic acids 
are due to the intact molecules. Fourthly, in 
the series of unconjugated acids the degree of 
effect was greatest with cholic acid which has 
3 hydroxyl groups in the molecule and the 
effect decreased with the decreasing number 
of hydroxyl groups until with dehydrocholic, 
which has no hydroxyl groups, there was no 
effect. The results clearly demonstrate that 
both the hydroxyl groups and the carboxyl 
group, free or conjugated, are involved in the 
effect of bile salts on cholesterol esterase 
activity. 

From the previous work, reviewed above, 
the bile salt effect does not appear to be 
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related to emulsification of the substrate or 
the stabilization of the enzyme. The present 
findings on the interrelationships of choles- 
terol and bile salt concentration suggest some 
type of combination between cholesterol and 
bile salt. The data on the esterification sys- 
tem are especially significant. They indicate 
that 1 molecule of bile salt is associated with 
1 molecule of cholesterol in the reaction with 
the fatty acid. It seems likely that the levels 
of activity observed were related to the con- 
centration of a complex between cholesterol 
and bile salts rather than the concentration 
of either of the compounds, independently. 
In the hydrolytic system there was some 
effect of bile salt concentration above a 1:1 
molar ratio with the cholesterol ester. How- 
ever, the results are in accord with the hy- 
pothesis of complex formation between chol- 
esterol or cholesterol ester and bile salt. If 
the mechanism of the bile salt effect is complex 
formation, the differences between the different 
bile salts could be due either to ease of com- 
plex formation or a specificity of cholesterol 
esterase related to the structure of the bile 
salt molecule. 
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We have reported(1) that in a rabbit 
simultaneously immunized with bovine serum 
albumin and mumps vaccine, treatment with 
cortisone might markedly suppress the forma- 
tion of antibody to the serum albumin while 
leaving the antibody to mumps apparently 
unaffected as compared with control animals. 
The antibody to mumps was measured by 3 
different serological tests (hemagglutination 
inhibition, complement fixation: and neutral- 
ization) which showed good agreement but all 
3 tests are at best semi-quantitative and gave 
no indication of the actual amounts (weights) 
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of the antibody involved. In order to estab- 
lish whether cortisone might affect 2 different 
antigen-antibody systems differently in the 
same rabbit we have investigated the effect of 
cortisone on the sheep cell hemolysin system 
in rabbits, this being a system accessible to 
quantitative study and one in which prelim- 
inary experiments indicated no difference 
whatsoever in the hemolysin or agglutinin 
serum dilution titers of animals treated or 
not treated with cortisone. 


Materials and methods. Antigens. Rabbits 
were immunized simultaneously with alum- 
precipitated bovine serum albumin and with 
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either whole sheep red blood cells or stromata = = a 29 
prepared by laking these cells. In order to 
give comparable doses of cells and stromata ee 
the following procedure was adopted. Ap- cee : 
proximately one liter of sheep blood was ob- Bib Sees yee) ae 
tained in Alsever’s solution and filtered to DEE 
give a uniform suspension. The volume of ee 
packed cells (18%) in this suspension after 
centrifuging at a definite speed and time 2 43 
(2500 RPM, 10 min.) was noted and aliquots SZ glSSss $85 S8SES SES 
were withdrawn as needed, washed and di- a Sra San BSSS faq 
luted in saline to give a calculated 5% sus- « : 
pension of cells, the concentration used for % 
immunization. Another aliquot of the cell q ee 
; 22S | SSeS) SSO SS 

suspension was then laked, thoroughly washed a]| 0 wjJSBRS BS BABA Awis 
at high speed until the supernate contained $|| * 2 i apaeegie oes 
only a trace of N, then suspended in a volume 5 
of saline equivalent to that which would have ZJi+ 7 
been used to dilute the original suspension = ee AS ae eas 
aliquot to a 5% concentration of whole cells. = || 7 
Immunization. All antigen injections were ea 5 
intravenous and given over a period of 15 2 as a Spee G3 Shag ee oes 
days. Eight animals received 7 injections of 3 Belo ar ean ears 
one mg each of alum-precipitated bovine =|\> * 
serum albumin and 7 simultaneous injections © ||€ 
of one ml of stromata suspension equivalent 2 2 = 
to a 5% cell suspension. Of these, 4 were ‘2 i Sify owa tat roto acre 
treated with cortisone (Group A) and 4 not 3. a ail mee Bae ; 
(Group B). Nine animals were immunized = 
with BSA as above and with 5% cells as for 3 oe 
stroma. Of these, 5 (Group C) were treated 3 We ; 
with cortisone and 4 were controls (Group 4, a8. BINT Bae OMS ae 
D). Cortisone was started 3 days prior to the ee 2 E 
first antigen injection and continued at a 3 
dose of 4 mg daily 5 days per week until the 4] , 
7th day after the last immunizing injection, ales = 

é ‘ . Wan Blooms NWH OtHOM NOM 
at which time the animals were bled by car- 4 J), s z SS8S 88S SS8S SAS 
diac puncture. During the course of the ex- 5 Bee IV 
periment there were 3 deaths; one each in 2 
Groups B,C, and D. Antibody. The volumes & 
of sera obtained were estimated and a weight Ehesse eesesescess 
of sodium ethyl mercurithiosalicylate was SIR SRS OSS SE GS HS 
added to each to give a 1:10000 concentra- nee 
tion. Anti-albumin N was determined by the se 
quantitative precipitin procedure(1). Serum els 
precipitin titers were obtained by adding 2 ug E Sees aot ae eB BLS 
of bovine serum albumin to one ml of serum eee at tg > ok a eo ae 
dilution. Quantitative stroma agglutinin N 
was determined essentially by the method of 
Heidelberger and Treffers(2) except that the ap * 2 
sera were not inactivated at 56°C. Hemag- és 


aS 
iS) 
i 


C—Immunized with BSA and eells, 
¢ Sheep cells (8.C.). 


2/3 of the supernate of the first absorption and the values for agglutinin N have 
t Sheep cell stromata (SS). 


A third cell absorption is not included in the table since significant amounts of N were 
* Bovine serum albumin (BSA). 


B—Immunized with BSA and stroma, control. 


a. The second absorption was done on 


Group A—Immunized with BSA and stroma, cortisone-treated. 
ved from any of the ser 


cortisone-treated. D—Immunized with BSA and eells, control. 


been adjusted accordingly, 


not remo 
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glutinin and hemolysin serum dilution titers 
were done in the usual way using 0.5 ml of 
serum dilution plus 0.5 ml of 0.25% red cells 
for the agglutinin titrations and 0.4 ml serum 
dilution, 0.2 ml of 0.5% cells and 0.2 ml of 
1:20 guinea pig complement for hemolysin. 


Results. The results obtained are sum- 
marized in Table I. All animals were im- 
munized and bled at the same time and each 
procedure was done on all 14 sera at the same 
time. The effect of cortisone on anti-albumin 
N levels is readily apparent and is also re- 
flected in the precipitin titers. The anti- 
albumin N levels in the cortisone treated ani- 
mals average only 1/3 of that in the cor- 
responding control group. Groups C and D 
appear to have higher anti-albumin levels 
than A and B. While these groups all ran 
concurrently, they were housed in 2 separate 
rooms, the room containing Groups C and D 
being air-conditioned and the other not, while 
the weather was warm. Whether this ac- 
counts for the differences observed or whether 
the fact that one pair of groups received whole 
sheep red cells and the other red cell stromata 
has not been determined. 

The agglutinin N presents a different pic- 
ture. Some uncertainty exists as to the ab- 
solute amounts of agglutinin N since, as was 
found by Heidelberger and Treffers(2), there 
is a loss of stromata N in the stroma-saline 
blanks. The values given in Table I are 
maximum agglutinin N levels obtained by 
subtracting the N of the stroma-saline blanks 
from the total N obtained with each serum. 
The minimum agglutinin N values, obtained 
by subtracting the total N contained in the 
aliquot of SS suspension used for absorptiont 
would be lower by the same amount for each 
serum, approximately 0.1 mg N. In any case 
the values given are strictly comparable. 

Comparing the agglutinin N values of 
groups A and B it can be seen that the cor- 


+ For the first, second and third absorptions these 
values are 0.730, 0.366 and 0.382 mg N respectively. 
Each value being the average of 4 samples taken at 
intervals during the pipetting of the stromata suspen- 
sion into the 14 tubes. The maximum deviation 
from the average was less than + 2.0% indicating 
that the stroma suspensions could be pipetted quite 
accurately. 
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tisone had no effect on antibody produced in 
response to stroma injection. In fact, the 
cortisone-treated group A appears to have 
higher antibody levels than the Group B 
controls. The agglutinin titers are uniform 
in both groups and do not reflect the differ- 
ences in antibody N levels, which is not sur- 
prising since these differences are much less 
than 2-fold. The hemolysin titers on the 
other hand show a great variation (although 
no significant difference between the 2 
groups) again without reflecting the differ- 
ences in antibody N among the individual 
animals of Groups A and B. 

A comparison of the agglutinin N values 
in Groups C and D shows still another picture. 
There is little difference between the 2 groups 
insofar as the first absorption is concerned, 
but the second absorption brings the agglu- 
tinin N values for Group D to a slightly 
higher level than those in Group C. The dif- 
ference between these groups may or may not 
be significant—the average of cortisone 
treated Group C is 0.25 mg N/ml, average of 
control Group D is 0.32 mg N/ml—but is not 
at all comparable to the difference in anti- 
albumin N. The agglutinin and hemolysin 
titers are not different in the 2 groups. Again 
these titers do not correspond well with the 
agglutinin N values in the same animals, but 
a comparison between the stromata-immun- 
ized groups and the cell-immunized groups 
does show a broad correlation between ag- 
glutinin N and titer. 

Such a comparison also brings out 2 other 
points and these are that an average increase 
of less than 2-fold in agglutinin N values in 
the cell immunized groups vs. the stroma 
immunized groups resulted in a 4- to 8-fold 
increase in agglutinin titer and that the hemo- 
lysin titer did not increase to the same extent 
as the agglutinin titer. The statistical sig- 
nificance of these observations is open to 
question but they have a reasonable explana- 
tion in that the cell immunized animals might 
be expected to have antibody to antigens not 
given the stroma immunized animals. This 
could conceivably lead to a higher agglutinin 
titer in animals immunized with cells, whereas 
the agglutinin N value being obtained with 
stroma would not be affected as much. Specu- 
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lation along these lines leads to the interesting 
question of whether more than one sheep cell 
antigen can give rise to hemolytic antibody 
and if so, does the hemolysin: titer reflect the 
sum of these antibodies or does it represent 
only that antibody present in highest concen- 
tration. 

Discussion. The data indicate that in a 
rabbit simultaneously immunized with bovine 
serum albumin N and sheep red cells or 
stroma, cortisone may suppress antibody to 
the soluble protein antigen while leaving un- 
affected the development of antibody to the 
particulate antigen. Since the effect of corti- 
sone on mumps antibody(1) seems to be in- 
termediate between its striking effect on anti- 
albumin on the one hand and its complete 
lack of effect on anti-sheep celi stroma on the 
other, it is suggested that with increasing 
particle size of the antigen there is less effect 
of cortisone on antibody production. This 
hypothesis is consistent with the fact that 
while anti-stroma was unaffected there did 
appear to be a slight effect on antibody to 
whole sheep cells since an im vivo release of 
soluble antigen from cells could lead to sup- 
pression of antibody to this soluble antigen (s) 
by cortisone. 

The fact that Bjgrneboe e¢ al.(3) have 
found that antibody to pneumococcal vaccine 
is suppressed by cortisone would seem to be 
inconsistent with the particle size idea, but an 
examination of their data can show otherwise. 
The route of antigen inoculation used was 
intravenous, as in this paper, and the rabbits 
of comparable size. Using a dose of 10 mg 
of cortisone daily the difference in the average 
antibody levels of their treated and control 
groups is less than the difference found above 
and previously(1) in the anti-albumin levels 
of animals not treated or receiving 4 mg of 
cortisone daily. With a dose of cortisone 
more nearly comparable to that used here, 
2.5 mg daily, Bigrneboe e¢ al. found much 
less suppression of antibody than is charac- 
teristic for anti-albumin and considerable 
overlapping of individual treated and control 
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levels, a situation similar to that described 
above for antibody to whole sheep cells. It is 
entirely possible ,that whatever suppressive 

effect cortisone exerts on antibody to pneu- 
mococcal vaccine is directed against antibody 
to soluble constituents (i vivo) of the pneu- 
mococcus. Moreover, instances may be found 
in the literature where immunization with 
bacterial products is affected by cortisone or 
ACTH, whereas immunization with whole 
bacteria is not (e.g., 4, pp. 20, 52, and 87). 

The most basic objection to the antigen 
size idea comes from the fact that albumin, 
mumps virus and red cells differ not only in 
size, but also of course chemically and that 
while bovine serum albumin may be regarded 
as a single antigen the red cell and possibly 
the mumps virus are in reality multiple an- 
tigens. What is needed is a single antigen in 
very different particle sizes. An approach to 
this might be made by conjugating bovine 
serum albumin and red cells with some chemi- 
cal grouping (e.g., phenylisocynate) which 
destroys the original specificity of the antigen 
and results in antibody directed primarily 
against the conjugated group(5). This study 
is in progress. 

Summary. In rabbits simultaneously im- 
munized with bovine serum albumin and 
sheep red cells or stroma, cortisone suppressed 
the formation of antibody to bovine serum 
albumin but had little or no effect on the pro- 
duction of hemolysin or agglutinin as meas- 
ured by serum dilution titers and quantitative 
agglutinin N. 


1. Overman, J. R., and Hanan, R., Proc. Soc. 
Exp. Brot. AND MED., 1953, v82, 427. 

2. Heidelberger, M., and Treffers, H. P., J. Gen. 
Physiol., 1942, v25, 523. 

3. Bjgrneboe, M., Fischel, E. E., and Stoerk, H. C., 
J. Exp. Med., 1951, v93, 37. 

4. Acta Pathol. et Microbiol. Scand., Supplemen- 
tum 93, 1952. 

5. Kabat, E. A., and Mayer, “M. M., Exper. Im- 
munochemistry, Chas. C. Thomas, Springfield, IIL, 
1948, 


Received August 24, 1953. P.S.E.B.M., 1953, v84. 


424 


Studies in Procollagen. I. Solubility.* 
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In the speculations regarding the mechanism 
of formation of collagen fibers, the existence 
of a soluble collagen precursor has frequently 
been suggested. Such a possibility was ampli- 
fied by the demonstration by Nageotte(1) that 
collagen fibrils could be precipitated by sodium 
chloride from dilute acetic acid solutions ob- 
tained from rat tail tendon. More recently 
Orekhovitch e¢ al.(2) have demonstrated that 
treatment of mammalian skin with citrate 
buffers (pH 3.0-4.0) extracts a protein which 
readily forms fibrils resembling collagen both 
morphologically and in amino acid composition 
(3-6). These workers have named this sub- 
stance ‘‘procollagen” because it appears to be 
a metabolic precursor of collagen.§ Although 
interactions of collagen with hyaluronic acid 
(HA), chondroitinsulfuric acid (CSA), and 
with heparin have been observed, it has not yet 
been demonstrated that these acid mucopoly- 
saccharides are combined with collagen in 
ground substance or participate in fibrogenesis 
(4,5,7-9) The possible existence of a soluble 
collagen precursor in connective tissue is of 
great importance with respect to the metabo- 
lism of collagen as well as the behavior of 
ground substance. In view of the demon- 
strated existence of the above named polysac- 
charides their possible interaction with solu- 


* This investigation was supported by grants from 
the Helen Hay Whitney Foundation, Chicago Heart 
Association, and Variety Club of Ill. 

+ During tenure of Fellowship of the Institute of 
International Education. Present address: Depart- 
ment of Medical Chemistry, University of Helsinki. 

¢ During tenure of a Research Fellowship of 
American Heart Assn. 

§ Metabolic studies of procollagen of the rat 
have been carried out with the use of carboxyl- 
labeled glycine by Orekhovitch, et al.(2). They 
concluded therefrom that animal skin contains a 
series of procollagens which are metabolic pre- 
cursors of collagen. The same conclusion was 
reached by Harkness and Neuberger(6) and was 
based upon similar metabolic experiments with the 
rabbit. 


ble collagen precursors is obvious. Most in- 
vestigations have been concerned with various 
means of producing collagen fibrils from solu- 
tions of procollagen. It seemed of importance, 
however, to determine the factors which may 
be responsible for increasing the solubility of 
this protein and its possible interactions with 
other components of ground substance. 

This report presents experiments concerned 
mainly with the effect of certain small ions on 
solubility of procollagen. 

Experimental. Preparation of procollagen. 
After sacrifice by air embolism, adult albino 
rabbits were immediately skinned. After re- 
moval of the subcutaneous layer, the skin was 
ground in an electrical meat grinder and either 
stored in the deep freeze (for periods up to 2 
months) or immediately extracted by the pro- 
cedure of Orekhovitch, et al.(2). This in- 
volved extraction by stirring at 1° with a 
5-fold volume of 0.3 M disodium phosphate 
for 24 hours. The supernatants obtained after 
centrifugation were combined and dialyzed 
against distilled water at 1°. The “globulins” 
were precipitated by 50% saturation with 
ammonium sulfate and removed by centrifuga- 
tion; the “albumins” were then precipitated 
by saturation of the supernatant with am- 
monium sulfate. The residue was washed 
with small amounts of citrate buffer at pH 4.0 
and then extracted 6 times with 5-fold portions 
of McIlvaine (phosphate-citrate) buffer of pH 
4.0 by stirring at 1° for 24 hours.|| Each 


|| Electron micrographs of the skin residues re- 
maining after each extraction showed that extraction 
with disodium phosphate solutions caused little, if 
any, change in the structure of the collagen fibril. 
However, extraction with citrate buffer had a pro- 
gressive effect resulting in very extensive swelling 
and disorganization of the collagen fibrils. A similar 
disintegration of collagen fibrils is obtained by 
treatment of rat tails tendon with dilute acetic 
acid(10). It may be that procollagen is a structural 
component of the collagen fibril. We are grateful 
to Dr. Friedrick Wasserman of the Argonne National 
Laboratories for aid with electron microscope studies. 


STUDIES IN PROCOLLAGEN 


extract was dialyzed against a large excess of 
0.01 M disodium phosphate at 1°. The 
voluminous, fibrous precipitate was washed 
several times with distilled water and stored 
moist at 4°. Solutions of the above prepara- 
tions were obtained by extraction with citrate 
buffers at pH 3.0 or 4.0 followed by centrifuga- 
tion for 1 hour at about 20,000 times gravity. 
The protein content was determined by nitro- 
gen analysis and calculated, based upon a 
nitrogen content of 16%. Even after pro- 
longed centrifugation at 20,000 times gravity 
the solutions were frequently faintly hazy. 
However, it was observed that procollagen 
which yielded clear solutions could be obtained 
if dialysis of the extract was allowed to pro- 
ceed against the same buffer in 2 stages, the 
first stage yielding a small precipitate of ma- 
terial which was discarded, the second yield- 
ing the bulk of the precipitable protein. 

Uniformity of procollagen preparations. 
Procollagen, unlike most animal proteins, 
yields highly viscous solutions at low concen- 
trations. It appeared that viscosity measure- 
ments would furnish an index to uniformity 
and relative freedom from contamination. 
Procollagen preparations obtained in succes- 
sive extracts from skin were dissolved in Mc- 
Ilvaine buffer pH 4.0 and adjusted to a con- 
centration of 0.060%. The viscosity relative 
to buffer (ratio of respective flow times) was 
determined for each solution in an Ostwald 
viscometer at 30°. It was found that the 
viscosity of a solution declined with time at 
30° but appeared to become constant after 
about one hour. For the Ist, 2nd, 5th and 6th 
extracts the relative viscosities obtained were 
respectively 2.00, 2.19, 2.15 and 2.24 indicat- 
ing that, with the exception of the first extract, 
the preparations were of uniform viscosity 
(within experimental error). The ultraviolet 
absorption spectrum of preparations from six 
successive extractions of skin all closely re- 
sembled those reported for gelatin(11), and 
were similar to those previously reported for 
procollagen preparations(2). In no case was 
there any indication of a tyrosine peak in the 
range of 278-282 mu. 

Solubility of procollagen. Procollagen is 
soluble in dilute acid, insoluble at neutral or 
alkaline pH and readily precipitated by low 


425 


TABLE I. Effect of pH on Solubility of Procol- 
lagen in 0.01 M Citrate and 0.01 M Acetate Buffers. 


Citrate ———_ Acetate——_, 
Protein in Protein in 
pH $01.. % pH sol., % 
4,94 .065 3.92 .057 
4.98 .003 4.86 .030 
6.02 002 5.42 .002 
7.08 .002 


concentrations of neutral salts(2,12). The 
effect of pH and ion concentration on the 
solubility of procollagen was further investi- 
gated by two separate technics. In a dilution 
technic, a concentrated solution of procollagen 
in citrate buffer was mixed with solutions of 
various ions, whereas in another more direct 
method, precipitated collagen was shaken with 
the solution to be tested. In either case the 
solutions were centrifuged and the amount of 
dissolved protein calculated from the nitrogen 
content. A 0.7% solution of procollagen (2nd 
extract) in MclIlvaine buffer, pH 4.0, was 
dialyzed in a cellophane casing against 100 
volumes of 0.1 M citrate or acetate buffer at 
4° for 24 hours. Precipitation of protein was 
noted only in the solution dialvzed against the 
pH 5.42 acetate buffer. The contents of each 
casing were diluted 10-fold with distilled water 
and allowed to stand at room temperature for 
3 hours. Precipitates were removed by cen- 
trifugation and supernatants were analyzed for 
nitrogen. Table I shows the amounts of pro- 
collagen remaining in the supernatants in the 
0.01 M buffers at several pH’s. The data 
suggest that at 0.01 M buffer concentration 
procollagen is equally soluble in the presence 
of citrate and acetate ions. However, at higher 
buffer concentration citrate is more effective 
than is acetate at pH’s above 5.4. A separate 
dialysis experiment with 0.1 M acetate buffer 
at pH 5.4 showed that less than 0.15% pro- 
collagen was in solution as compared to 0.7% 
in 0.1 M citrate buffers of pH 6.0 and 7.1. 
In other experiments, a 0.5% solution of pro- 
collagen in 0.1 M citrate buffer pH 6.8, was 
diluted 10-fold with various solutions to yield 
a final pH of 5.8 to 6.2. All of the protein 
remained in solution when the diluent was 0.1 
M citrate buffer or 0.1 M CaCls. Less than 
10% of the protein remained dissolved when 
the diluting solution was 0.1 M NaHCOs, 
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FIG. 1. Effects of citrate and calcium concentra- 

tion on solubility of procollagen in Krebs-Ringer- 

carbonate, pH 7.4-7.5 by the dilution method. The 

solutions containing various amounts of added e¢al- 
cium also contain 0.003 M citrate. 


0.04 


0.1 M NaCl solutions containing 0.3% skin 
albumin, 0.3% skin globulin, or 0.1% mixed 
acid mucopolysaccharides from rabbit skin. 
Effect of calcium and citrate on solubility. 
Procollagen in 0.03 M citrate, pH 6.8, was 
diluted with a solution of Krebs-Ringer-car- 
bonate buffer of pH 7.4-7.5 containing various 
amounts of citrate and calcium. From the 
results shown in Fig. 1, it appears that calcium 
and citrate exert a strong solubilizing effect 
on procollagen. It was also found that phos- 
phate inhibited the solubilizing action of cal- 
cium on procollagen. This action of phosphate 
may be interpreted as due to association with 
calcium in competition with procollagen. The 
increased solubility of procollagen in the pres- 
ence of calcium can be reversed by dialysis 
of the solution against the same buffer without 
calcium. Preliminary experiments had indi- 
cated that the rate of solution of protein from 
the first extract was slightly greater than that 
of material from succeeding extracts. This 
finding suggested the possible presence of a 
small amount of contaminating protein in pro- 
collagen from the first extract. When differ- 
ent amounts of protein (pooled fractions) were 
shaken for 8 hours at 0° with a fixed volume 
(5 ml) of Krebs-Ringer-carbonate buffer of 
pH 8.5 containing 0.02 M citrate but no cal- 
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cium, the amount of protein in the supernatant 
increased with increase in the amount of solid 
protein taken in the test (Fig. 2). No differ- 
ence was found between solubility values ob- 
tained in 8 hours or in 16 hours. It appears 
possible that the contaminating protein is a 
minor component (estimated as about 3%) 
with a solubility greater than that of procol- 
lagen. Thus, in the following solubility ex- 
periments it would be expected that a small 
but fixed amount of impurity would go into 
solution, but that changes in protein content of 
the supernatant found would be due only to 
the changed solubility of procollagen. Moist 
procollagen (combined extracts) was shaken 
with Krebs-Ringer-carbonate solutions at 0° 
for 8-24 hours. Between 60 and 70 mg of total 
protein was taken for each 5 ml of solution. 
After 8 hours, the samples were centrifuged at 
0°, and a small amount of supernatant re- 
moved for analysis. The remainder of the 
material was shaken for an additional 8 or 
16 hours and the supernatants analyzed once 
more. No change in solubility was noted after 
8 hours. 


The results are shown in Fig. 3 and 4. In 
the presence of citrate, calcium addition at 
first reduces the amount of procollagen dis- 
solved, but when present in molar excess over 
citrate, increases the protein solubility. This 
mutual antagonism of calcium and citrate sug- 
gests that the free ionic concentrations of these 
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Effect of total protein present on solubil- 

ity. Protein present in supernatant after 16 hr at 

0° when various amounts of procollagen pooled 

from first 3 extracts are shaken with 5 ml of Krebs- 

Ringer-carbonate solution, pH 8.5, containing 0.02 
M citrate and no calcium. 
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FIG. 3. Solubility of procollagen in Krebs-Ringer- 
carbonate solution with varying citrate concentra- 
tions. No calcium was present and pH was 7.8 to 
8.0. Solubility after 8 hr indicated by ©; after 16 
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FIG. 4. Solubility of procollagen in Krebs-Ringer- 

carbonate solution with varying calcium concentra- 

tions. The pH was 6.7 to 6.8. Solubility in ab- 

sence of citrate after 8 hr indicated by ©; after 

24 hr by @. Solubility in presence of 0.03 M 

citrate after 8 hr indicated by A; after 16 hr by 
A: 


substances have been reduced by complex 
formation with each other. 


It is of interest that glucuronic acid had a 
definite but much weaker solubilizing action 
on procollagen than does citrate. Under com- 
parable conditions, 0.1_M glucuronic acid is 
equivalent in effect to 0.012 M citrate (Fig. 3) 
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In these experiments. however. an unknown 
amount of the uronic acid is present as lactone. 
Chondroitinsulfuric acid from bovine cartilage 
in concentrations up to 1% or mixed acid 
mucopolysaccharides from rabbit‘skin (0.3%) 
had little or no effect on the solubility of pro- 
collagen in neutral Ringer-carbonate buffers. 


Discussion. ‘The solubilizing action of cit- 
rate may be interpreted as due to binding of 
citrate by procollagen, which reduces the elec- 
trostatic attractive forces between procollagen 
molecules in the fibril. A similar interpreta- 
tion may be given for calcium ion. However, 
an alternative explanation mav also be offered 
based upon the assumption that part of the 
strong molecular interaction in procollagen is 
due to the presence of an acid mucopolysac- 
charide which interacts with calcium(13). 
Some evidence in support of this assumption is 
given by the experiments of Jackson(8) who 
showed that prior treatment of collagen (calf 
tendon) with hyaluronidase (presumably to 
remove chondroitinsulfuric acid) very greatly 
increased the amount of collagen brought into 
solution by dilute acetic acid. Thus, the ab- 
sence of demonstrable effect of added acid 
polysaccharides on the solubility of procol- 
lagen should not be taken to exclude the possi- 
bility of interaction between procollagen and 
acid mucopolysaccharides already present in 
the protein preparation. 


Summary. 1. Procollagen has been prepared 
from rabbit skin and its solubility character- 
istics studied. 2. Both citrate and calcium 
ions exert a strong solubilizing action on pro- 
collagen. Added acid mucopolysaccharides 
from skin and chondroitinsulfuric acid from 
cartilage show little, if any, influence on the 
solubility of procollagen. 
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Mueller(1) carried out the first critical 
experiments on the role of bile in absorption 
of cholesterol. When a cholesterol or choles- 
terol oleate emulsion was fed to dogs in which 
the bile was diverted from the intestinal tract 
there was no significant rise in the total 
cholesterol of the lymph as compared to 
normal dogs. Schoenheimer(2) also observed 
that the serum cholesterol of rabbits was 
increased more after feeding cholesterol with 
desoxycholic acid than after cholesterol 
alone. Kim and Ivy(3) found that the 
serum cholesterol of rats was significantly 
raised when cholic acid was added to a diet 
containing cholesterol and oleic acid. When 
bile acid was added to a cholesterol-free diet 
no significant increase in blood cholesterol 
was observed. Recently Siperstein e¢ al.,(4) 
reported that when labeled cholesterol was 
fed to bile fistula rats none of the labeled 
compound could be recovered in the lymph. 
It was suggested that bile was obligatory for 

the absorption of cholesterol. In addition 
to bile, pancreatic secretions and fat have 
been shown to be intimately related to chol- 
esterol absorption(5,6). There is good evi- 
dence that esterification of cholesterol is an 
important step in its absorption and that this 
process takes place in the intestinal wall(7,8) 
under the influence of pancreatic cholesterol 
esterase. In connection with studies (9-11) 
on this enzyme, it has been demonstrated 
that it will synthesize and hydrolyze the long- 
chain fatty acid esters of cholesterol only in 
the presence of bile salts. In the preceding 


paper(11) the effect of different bile salts on 
cholesterol esterase activity im vitro was 
demonstrated. The type and amount of bile 
salt present in substrate mixture is important 
in the activity of the enzyme. Bile salts hav- 
ing 3, 2, and 1 hydroxyl groups respectively 
showed a deereasing order of activity while 
dehydrocholate with no hydroxyl groups was 
found to be inactive in promoting either syn- 
thesis or hydrolysis. Also the conjugated 
bile salts, taurocholate and _ glycocholate 
showed differences in activity when compared 
to cholate. 

The purpose of the present investigation 
was to determine, using the blood cholesterol 
level as an indicator of cholesterol absorption, 
if different bile salts had different effects on 
cholesterol absorption comparable to the re- 
lations between bile salt structure and chol- 
esterol esterase activity im vitro demonstrated 
in the preceding paper(11). If comparable 
effects could be demonstrated this would be 
added evidence that the requirement of bile 
salts for the absorption of cholesterol is due 
to its being necessary for cholesterol esterase 
activity and that cholesterol esterase is direct- 
ly involved in cholesterol absorption. 

Methods and materials. Forty-five rats 
from our stock colony and raised on Purina 
pellet chow were used. The animals were 
housed in separate cages and fed the experi- 
mental diets and water ad libitum. Following 
a control period on pellet chow during which 
the blood cholesterol fractions were deter- 
mined, the rats were divided into two series. 
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TABLE I. Feeding Regimen and Dietary Intake of Cholesterol, Bile Salts, and Olive Oil. 
—————————_—_——SSSFFJ_____Jjj[[—j_—eq_. ee 


-— Dietary intake/day/rat*——_, 


No. Days Cholesterol, Bilesalt, Olive oil, 
Series rats Group on diet Bile salt mg mg ce 
i 5 E 21 0 200-250 0 2.5-3. 

5 if 21 Cholate i 100-150 He 
5 G 21 Taurocholate ‘i ms e 
5 H 21 Desoxycholate Yt a x 
5 I 21 Dehydrocholate ¥ sy % 

TEE 10 K 7 Dehydrocholate 150-200 75-100 2.0—-2.5 
8 K 7 Taurocholate a s c 
8 aK 5 Dehydrocholate 2 3 he 
10 L 21 0 ‘a 0 si 


* Range of wt of rats in Series I was 225-300 g and in Series II, 125-175 g. 


In Series I four groups were fed a basal diet 
containing 2% cholesterol plus 1% of dif- 
ferent bile salts. One group served as a con- 
trol and received the basal diet with no bile 
salts. In Series II, two groups (K and L) 
were fed a basal diet containing 2% choles- 
terol, with group K receiving in addition 1% 
of bile saits in the diet successively for 7, 7, 
and 5 day periods. The basal diet had the 
following composition: 20% casein, 23% 
starch, 23% glucose, 25% olive oil, 5% 
Hubbel-Mendel-Wakeman salt mixture, 2% 
ruffex, 2% cholesterol, and adequate amounts 
of the crystalline vitamins. The bile salts 
were added to the basal diet at the expense 
of the starch and glucose. Table I shows 
the feeding regimen and the approximate 
dietary intake of cholesterol, bile salts and 
olive oil per rat in Series I and II. The 
rats were bled from the tail. The blood 
samples were collected directly into .2 cc 
pipettes and placed in 1:1 acetone alcohol 
for cholesterol analysis. Free and total chol- 
esterol were determined on the whole blood 
by the method of Schoenheimer-Sperry (12) 
with modifications(13). 

Results. Series I. The results are shown in 
Fig. 1. The total blood cholesterol increased 
significantly in all groups after one week 
on the diets. This increase was predominant- 
ly in the ester fraction. In comparing the 
effect of the different bile salts on the blood 
cholesterol during this initial period, it can 
be seen that the blood chcolesterol in the group 
receiving sodium dehydrocholate did not rise 
significantly above that of the control group 
not receiving bile salts. The groups receiving 
cholate, taurocholate, and  desoxycholate 


showed increases in total blood cholesterol of 
41.1, 36.9 and 16.5% respectively when com- 
pared to the group not receiving bile salts 
in their diet. During the remainder of the 
feeding period, the total, the ester and to a 
lesser extent the free cholesterol fractions con- 
tinued to rise in the blood of the cholate, 
taurocholate, and desoxycholate groups. The 
blood cholesterol of the dehydrocholate and 
control groups remained about the same. At 
the end of the feeding period (21 days) the 
total blood cholesterol levels in the bile salt 
groups ranged from 280 to 320 mg% and 
the ester fraction from 170 to 210 mg%. 
The dehydrocholate and control groups had 
total cholesterol levels of 145 and 137 mg% 
and ester levels of 58.6 and 67.6 mg% re- 
spectively. It is also interesting to note that 
the ratio of ester to total cholesterol rose 
from an average pre-diet value of 26 to 63% 
in the cholate, taurocholate, and desoxycholate 
groups. During the same period, the dehy- 
drocholate and control groups showed an 
increase from 26 to 47% in that ratio. After 
21 days the animals were taken off the ex- 
perimental diets and returned to pellet chow. 
Within 5 days the blood cholesterol in all 
groups dropped very markedly, approaching 
the pre-diet level. 

Series II. The effects of different bile salts 
demonstrated in Series I, especially after 7 
days, exhibited a pattern in general agreement | 
with the results obtained in the study on the 
in vitro effect of bile salts in cholesterol 
esterase activity. It was especially signifi- 
cant that dehydrocholate did not have any 
effects on the blood cholesterol. In Series I 
the bile salts were fed to different animals. 
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FIG. 1. Total and ester blood cholesterol levels of 
rats fed different bile salts. Each point represents 
avg of 5 animals. 


It was of further interest to determine if 
similar differences between different bile salts 
could be demonstrated in the same animal. 
The experiment was also carried out to de- 
termine if the animals would respond to 
changes in the bile salt composition of the 
diet thereby providing evidence that the 
changes in the blood cholesterol observed in 
Series I were readily reversible and not due 
to a pathologic effect of the bile salts. The 
results are shown in Fig. 2. After 7 days 
both control and bile salt groups showed 
significant increases in total and ester blood 
cholesterol. However, both groups showed 
the same degree of elevation. This confirms 
the findings in the previous experiment, name- 
ly, that dehydrocholate is ineffective in rais- 
ing the blood cholesterol level above that of 
the control group. The bile salt group was 
then switched to a diet containing sodium 
taurocholate. After 7 days on this diet, the 
total blood cholesterol level increased mark- 
edly from 131 to 300 mg%. During the same 
period, the total blood cholesterol of the con- 
trol group increased from 127 to 160 mg%. 
It is also interesting to note that the blood 
cholesterol increased much more rapidly than 
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in the previous group fed sodium taurocho- 
late. Since the animals were younger in the 
present group, age may be an important 
factor. 

In the final feeding period the bile salt 
group was returned from the diet containing 
sodium taurocholate to the diet containing 
sodium dehydrocholate. After 5 days on 
that diet both the total and ester blood chol- 
esterol decreased sharply. The total choles- 
terol decreased from 300 to 215 mg%. The 
cholesterol fractions in the control group re- 
mained at about the same levels. The de- 
cline in bood cholesterol observed when the 
bile salt group was returned to the dehydro- 
cholate diet demonstrates that the effect of 
bile salts is reversible and that it is unlikely 
that permanent damage to the animals had 
taken place. It is also of interest to mention 
that the feeding periods were of such a short 
duration that toxic effects of the bile salts 
were not indicated by examination of the 
livers. No difference in weight or gross ap- 
pearance of the livers of the bile salt and 
control groups was noted in the animals in 
Series I and II. 

Discussion. Previous work relating to the 
influence of bile on the absorption of choles- 
terol has been carried out on animals in 
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which bile has been diverted from the intes- 
tinal tract(1,4). However, in studying this 
process, 4 factors must be considered, namely, 
pancreatic cholesterol esterase, cholesterol, 
fat, and bile. It seems likely that each of 
these components must be present and in 
certain optimum proportions to each other 
for maximum absorption of cholesterol. Thus, 
if there is an excessive amount of cholesterol 
ingested, sufficient fat and bile must be present 
for complete absorption. In this series of 
experiments we have used the intact animal 
and supplied high levels of cholesterol and 
fat in the diet. There was a slight increase 
in the blood cholesterol level during the ex- 
perimental periods in the animals on the con- 
trol diet which, according to the above, could 
be due to the effect of the rats own bile salt 
supply on the absorption of the dietary chol- 
esterol. In the animals receiving the bile 
salt diets the markedly higher blood cholester- 
ol levels were due to the effect of the dietary 
bile salts on the absorption of the dietary 
cholesterol. This view, which .is in accord 
with the available data, leads to the interest- 
ing possibility that the level of the blood 
cholesterol is controlled, in part, by the 
amount of bile salts excreted into the intes- 
tine. 

The present findings indicate that the struc- 
ture of a bile salt has an important relation- 
ship to its effect on the blood cholesterol. It 
is especially striking that the feeding of de- 
hydrocholate had no effect on the blood chol- 
esterol. This correlates with the finding in 
the previous paper(11) that dehydrocholic 
acid, which has no hydroxyl groups, has no 
effect on cholesterol esterase activity, in vitro. 
It provides further evidence that esterification 
of cholesterol is required for its absorption 
and that bile salts are essential for that esteri- 
fication. 

Summary. Different bile salts were fed 
to rats on high cholesterol-fat diets. The 
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blood cholesterol increased very markedly 
with the feeding of sodium cholate and tauro- 
cholate, somewhat less with the feeding of 
desoxycholate and no increase was observed 
in those fed dehydrocholate. When sodium 
dehydrocholate, taurocholate, and dehydro- 
cholate were fed successively to the same 
animal, taurocholate increased the blood 
cholesterol very markedly while dehydro- 
cholate first had no effect and later lowered 
it. The results of this study agree in general 
with the findings of the preceding study on 
the in vitro effect of bile salts on cholesterol 
esterase activity, in that a comparable pattern 
of activity was observed in relation to the 
effect of bile salts on the blood cholesterol. 
It is suggested that the bile salts are necessary 
for cholesterol absorption because they are a 
necessary co-factor for cholesterol esterase 
activity. 
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Effect of Trypsin on Prothrombin.* 


(20670) 


GEORGE KLEINFELD AND Davip V. HABIF. 


From the Department of Surgery, Columbia University College of Physicians and Surgeons, 
New York City. 


It has long been known that trypsin clots 
plasma(1,2) and that it speeds the clotting of 
whole blood(3). Furthermore, it has been 
demonstrated that the rapid intravenous in- 
jection of trypsin causes intravascular clot- 
ting(4,5). The mechanism of the clotting 
effect of trypsin has not been completely 
clarified. A number of reports state that 
trypsin acts on prothrombin, converting it 
into thrombin(4,6,7), but there is disagree- 
ment as to the need for calcium in this reac- 
tion. Eagle and Harris(4) believed that cal- 
cium is not essential for conversion of pro- 
thrombin by trypsin, while Ferguson and 
associates(6,7) have stressed the essentiality 
of calcium. A more complex view of the clot- 
ting action of trypsin was presented by Leng- 
genhager(8). He thought that trypsin ac- 
tivated a hypothetical plasma factor and that 
this factor, together with calcium, converted 
prothrombin into thrombin. More recently, 
Schultze and Schwick(9) demonstrated that 
trypsin speeds the activation of purified pro- 
thrombin in concentrated citrate solutions. 
This effect was also noted for prothrombin 
solutions in distilled water, 50% glycerin, and 
20% serum albumin. However, the role of 
calcium in the reaction was not considered. 

Experiments have been performed which 
were designed to clarify the mechanism of 
the clotting effect of trypsin. Three new 
approaches to the problem were used. The 
first was the use of purified clotting factors; 
the second was the use of soybean trypsin 
inhibitor(10) to neutralize tryptic activity at 
any desired time; and the third was the use of 
a quantitative prothrombin assay. 

Methods. Prothrombin assays. These were 


* Supported by a grant-in-aid from the Armour 
Laboratories, Chicago, IIl. 

The laboratory facilities of the Department of 
Pathology, College of Physicians and Surgeons, 
were generously made available, including the con- 
stant advice of Drs. Joseph E. Flynn and Robert 
W. Coon of that Department. 


performed by the 2-stage method of Warner, 
Brinkhous, and Smith(11), as modified by 
Flynn and Coon. Their modifications involve 
the use of the purified thromboplastic ‘“‘acces- 
sory factors” needed for the conversion of 
prothrombin into thrombin(12). Thrombin 
assays. Thrombin solutions were assayed by 
the second stage of the 2-stage prothrombin 
assay. Activation of prothrombin by trypsin. 
Trypsint was added to purified prothrombint 
in various reaction mixtures. The exact com- 
position of these mixtures is described under 
Fig. 1. At measured intervals, aliquots of the 
mixtures were removed and immediately 
added to trypsin inhibitor.) The use of in- 
hibitor prevented the trypsin from acting dur- 
ing the subsequent procedures. Thrombin 
and prothrombin assays were then performed. 
Calcium and the thromboplastic “accessory 
factors” (labile factor (factor V, etc.) and 
stable factor (factor VII, etc.) (13,14) )# were 
added to the prothrombin along with the 
trypsin to study their effect on the activation 
reaction. Plasma prothrombin utilization. 
This was determined by assaying plasma pro- 
thrombin concentration before and after addi- 
tion of trypsin to the plasma. Antithrombic 
activity of heparin. Purified thrombin 
(Parke, Davis & Co.) was added to oxalated 
plasma containing heparin (sodium salt, Eli 
Lilly & Co.). The same procedure was per- 
formed with control oxalated plasma without 
heparin. At measured intervals, an aliquot 
was removed from each mixture and a throm- 
bin assay done. The reduction in thrombin 
concentration of the heparinized plasma be- 


+ A twice-recrystallized, salt-free, and lyophilized 
preparation was used (Worthington Biochemical, 
Freehold, N. J.). 

+ Prothrombin, labile factor, and stable factor 
were kindly supplied by Drs. J. E. Flynn and 
R. W. Coon. Methods of preparation are described 
elsewhere(12). 

§ A 5-times recrystallized preparation of soybean 
origin was used (Worthington Bio.). 
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THE ACTIVATION OF PROTHROMBIN BY TRYPSIN (THROMBIN FORMED) 
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FIG. 1. Activation of prothrombin by trypsin (thrombin formed). Reaction mixtures: (a) cal- 
cwm-free: 0.5 ml prothrombin sol. (diluted to 340 units/ml with 7.5% acacia in oxalated 0.85% 
saline) + 1.4 ml 7.5% acacia in oxal. 0.85% sal. + 0.1 ml trypsin in oxal. 0.85% sal.; (b) cal- 
cium added: 0.5 ml proth. sol. (dil. to 340 units/ml with 7.5% acacia in 0.85% sal.) + 1.4 ml 
7.5% acacia in 0.25% CaCl, and 0.85% sal. + 0.1 ml trypsin; (¢) calciwm, labile and stable 
factors added: 0.5 ml proth. (prep. as in b) + 1.2 ml 7.5% acacia in 0.4% CaCl, and 0.85% sal. 
+ 0.1 ml labile factor + 0.1 ml stable factor + 0.1 ml trypsin; (d) control-calciwm, labile, and 
stable factors added, but no trypsin: same as in ¢ except that 0.1 ml of 0.85% sal. without tryp- 
sin was used. 0.2 ml aliquots were removed and added to 0.2 ml of 0.85% sal. buffered to pH 
7.4 and containing trypsin inhibitor in an amt equal to the amt of trypsin added to the react. 
mixture. 


low that of the unheparinized plasma was 
considered to be an estimate of the increase 
in antithrombic activity of the heparinized 
plasma. 

Results. The experiment illustrated by 
Fig. 1 demonstrates that trypsin, by itself, 
can cause the conversion of prothrombin into 
thrombin. Within the range of trypsin con- 
centrations used, the rate of this reaction 
varies with the concentration of trypsin. In 
addition, calcium is shown to increase the 
rate of thrombin formation. However, the 
total amount of thrombin formed is unaf- 
fected by the presence of calcium. Further- 
more, the thromboplastic “accessory factors,” 
together with calcium, have no effect other 
than that produced by calcium alone. Al- 
though the data presented in Fig. 1 represent 
trypsin concentrations of 7.5 and 20 p»g/ml, 
essentially similar results were obtained with 
concentrations of 15 and 50 pg/ml. How- 
ever, with 50 ng/ml, prothrombin and throm- 
bin activities in the reaction mixtures were 


rapidly lost. The control mixture, repre- 
sented by the dash-dot line curve, consisted 
of purified prothrombin, calcium, labile fac- 
tor and stable factor, but no trypsin. It will 
be noted that some thrombin formed in this 
mixture but the amount was small. This was 
undoubtedly due to thromboplastic impurities 
in the reagents. When trypsin was added to 
such a mixture (dotted line curve), thrombin 
was formed in considerably greater amounts. 

In the above experiment on the activation 
of prothrombin by trypsin there was a dis- 
crepancy between the amount of prothrombin 
present and the amount of thrombin formed. 
The available prothrombin could, if fully con- 
verted, have given rise to a greater amount 
of thrombin than that recovered. The ques- 
tion arose as to whether some of the pro- 
thrombin had been digested or had remained 
unconverted. To answer this question, resid- 
ual prothrombin concentrations were deter- 
mined at various stages of the reaction. 
Fig. 2 illustrates the results graphically. As 
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THE ACTIVATION OF PROTHROMBIN BY TRYPSIN (RESIDUAL PROTHROMBIN) 
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FIG. 2. Activation of prothrombin by trypsin (residual prothrombin). Reaction mixtures same 
as for Fig. 1. 


PROTHROMBIN UTILIZATION IN OXALATED PLASMA CLOTTED BY TRYPSIN 


250 uc TRYPSIN/CC 
| —--- 500UG TRYPSIN/CC 
eeeee RECALCIFIED PLASMA 


‘PROTHROMBIN 
sCONCENTRATION 


{UNITS/CC) 
200 


100 


120 180 240 300 


BEFORE 60 
CLOTTING INCUBATION TIME MINUTES(@75°C) 


FIG. 3. Prothrombin utilization in trypsin-clotted oxalated plasma. 1 ml samples of oxal. plas- 

ma were clotted by adding 0.1 ml of 0.85% sal. containing 250 and 500 ug trypsin. For control 

1 ml plasma was clotted by adding 0.2 ml 2% CaCl, and 0.3 ml of thromboplastin (Difco). The 

samples were inc. at 37.5°C and prior to assaying for proth. the clots were removed and 0.1 ml 
trypsin inhibitor (400 yg) in 0.85% sal. was added to the supernatant plasma. 
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TABLE I. Inhibitory Effect of Heparin on Trypsin’s Clotting Action. Plasma was prepared 
by diluting 7 pt normal human blood with 1 pt 1.85% potass. oxal. in distilled H.O. The oxal. 
blood was then centrifuged at 2500 rpm for 30 min. and the plasma pipetted off. Reagents were 
kept at 37.5°C and mixed in the order listed in the table. Trypsin was added in sal. sol. in 0.2 ml 
amounts. Hep. was added as 0.01 ml of liquid hep. 1 mg of protamine was added as 0.1 ml 1% 
protamine sulf. sol. Controls, consisting of 1 ml oxal. plasma, + 0.2 ml oxal. sal., 0.5‘mg hep. 
and 1 mg prot., did not clot. The clotting effect of trypsin was not inhibited by,1 mg prot. 


Reagents (mixed in listed order) @3io2C) 


1 ml oxalated plasma + 250 wg trypsin 
” 2? ” + 500 ug ”? 


” ” ” 


” ” ” ” ” 


+ 0.5 mg heparin 


Clotting 
time in sec. 
35.7 
23.2 
+ 250 ug trypsin No clot 
a 500 pg Led . 29 
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+ 500 yg trypsin 2 
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might be expected, the rate of prothrombin 
. conversion paralleled the rate of thrombin 
formation (Fig. 1). However, it should be 
noted that not all the prothrombin was con- 
verted and a constant amount remained de- 
spite continued exposure to trypsin. Further- 
more, the amount of unconverted prothrom- 
bin was the same for the various trypsin con- 
centrations studied (7.5, 15, 20, and 50 
pg/ml). Even the presence of calcium and 
labile and stable factors failed to alter the 
amount of residual prothrombin. Since about 
25 of the original 85 units of prothrom- 
bin/ml remained, presumably about 60 units/ 
ml of thrombin were formed. However, anti- 
thrombic impurities in the reagents, and the 
antithrombic effect of trypsin itself(15), pre- 
vented complete recovery of the thrombin. 

To determine if trypsin required a plasma 
co-factor for the activation of prothrombin, 
trypsin was added directly to oxalated human 
plasma. However, it was again found that 
only a portion of the available prothrombin 
was converted (Fig. 3). From the graphs 
it appears as if a rise in prothrombin concen- 
tration occurred at 5 hours of incubation. 
However, the difference in concentration be- 
tween the one- and 5-hour samples is within 
the limits of experimental error. 

Other workers(16) have demonstrated that 
heparin abolishes the clotting effect of trypsin 
on oxalated plasma. This effect was investi- 


gated. The results (Table I) show that con- 
centrations of trypsin which clot oxalated 
plasma do not clot the same plasma if a small 
amount of heparin is added prior to addition 
of trypsin. The addition of protamine to the 
plasma after addition of trypsin does not 
reverse the anti-coagulant effect of heparin. 
However, if protamine is added to the hepar- 
inized oxalated plasma prior to addition of 
trypsin, clotting proceeds as usual. In order 
to clarify the mechanism of this effect, pro- 
thrombin utilization was determined after ad- 
dition of trypsin. The results (Fig. 4) show 
that, although no clotting occurs, the reduc- 
tion in prothrombin levels parallels that ob- 
served in ordinary oxalated plasma clotted by 
trypsin. The trypsin had converted a portion 
of the prothrombin but no clot formed. 
Presumably, the heparin raises the anti- 
thrombic activity of the plasma to levels suf- 
ficient to prevent the newly formed thrombin 
from being effective. That the heparin was 
sufficiently antithrombic to have inactivated 
the thrombin formed through trypsin’s action 
on prothrombin is shown in Fig. 5. 
Discussion. These experiments demonstrate 
that trypsin alone can convert prothrombin 
into thrombin. In this respect, the work of 
Eagle and Harris(4) is substantiated. How- 
ever, it is shown that prothrombin is only 
partially converted into thrombin by trypsin. 
Furthermore, calcium and the “accessory 
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THE EFFECT OF HEPARIN ON PROTHROMBIN UTILIZATION BY TRYPSIN 
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FIG. 4. Prothrombin utilization in heparinized, oxalated plasma. 
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FIG. 5. Antithrombice effect of heparin. 5000 units of thrombin (Parke, Davis & Co.), in 10 ml 

0.85% sal., was added to 10 ml oxal. plasma containing 0.5 mg heparin/ml. For control, the 
same amt of thrombin was added to an equal vol of oxal. plasma without heparin. 


factors” are unnecessary for trypsin’s action, 
although calcium does increase the rate of 
thrombin formation. This acceleratory effect 
of calcium on the reaction may have led ear- 
lier workers to believe that optimal amounts 
of thrombin were obtained only in the 


presence of calcium. 

It must be emphasized that in the early 
experiments by other investigators, no at- 
tempt was made to inactivate the trypsin be- 
fore determining the thrombin titer. Thus, 
the trypsin was free to act on prothrombin, 
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thrombin and fibrinogen. It was impossible, 
therefore, to determine which factor the tryp- 
sin was affecting. It contrast to these earlier 
experiments, the overlapping effect of trypsin 
was avoided by adding a trypsin inhibitor to 
the sample used for the thrombin assay. 

It can also be added that we found no 
evidence for Lenggenhager’s concept(8) that 
a plasma factor other than prothrombin itself 
is necessary for the clotting action of trypsin. 
Nevertheless, there still exists the possibility 
that our prothrombin was not freed of this 
hypothetical factor, and we are therefore re- 
luctant to exclude the idea completely. 

Because of the recent clinical use of trypsin 
intravenously, its clotting action has received 
considerable attention. Tagnon(5) investi- 
gated the use of heparin to counteract the 
intravascular clotting action of trypsin. 
Working with dogs and rabbits, Tagnon found 
that the previous injection of one mg/kg of 
heparin increased the minimal amount of in- 
jected trypsin needed to produce intravascular 
clotting. Other workers(16,17) have shown 
that heparin inactivates the proteolytic activ- 
ity of trypsin, the degree of inactivation vary- 
ing with the concentration of heparin and the 
incubation time. In this respect, the present 
experiments demonstrate that concentrations 
of heparin too low to inactivate the proteo- 
lytic activity of trypsin, may still inhibit the 
clotting action of trypsin. Heparin does this 
by raising plasma antithrombic activity, thus 
preventing the thrombin formed from tryp- 
sin’s action from being effective. The effect 
observed by Tagnon was due, in all prob- 
ability to increase antithrombic activity in the 
blood stream, and not due to direct inactiva- 
tion of the trypsin. 
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Summary. 1. Trypsin converts prothrom- 
bin into thrombin. Calcium and accessory 
clotting factors are not essential. Calcium 
does, however, accelerate the rate of thrombin 
formation but without affecting the thrombin 
yield. 2. Conversion of prothrombin by tryp- 
sin is incomplete. 3. Heparin, in low concen- 
trations, can inhibit the clotting effect of tryp- 
sin by increasing plasma antithrombic ac- 
tivity. 
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Placental Esterases.* 


SUMNER I. ZAckst AND GEORGE B. WISLOCKI. 


(20671) 


(Introduced by A. Baird Hastings.) 


From the Department of Anatomy, Harvard Medical School, Boston, Mass. 


Since the placentas of man and animals lack 
innervation(1), it is of considerable interest 
that acetylcholine(2-4) and a cholinesterase 
(5) have been identified in human placentas. 
Torda found that cholinesterase activity of 
human placentas at full term approximated 
one tenth of that of pig’s pyloric mucosa. Ord 
and Thompson(6) reported that homogenates 
of fresh placentas hydrolysed acetylcholine, 
benzoylcholine and acetyl 6-methylcholine, but 
that homogenates prepared from . perfused 
placentas possessed much less activity toward 
benzoy!choline. According to the criteria of 
Mendel, Mundell and Rudney(7), these re- 
sults indicate that both acetylcholinesterase 
and serum cholinesterase are present in the 
placenta. Further evidence of the occurrence 
of cholinesterases was the inhibition of the 
enzymes by di-isopropyl fluorophosphate in a 
concentration similar to that required to in- 
hibit the cholinesterases of brain. Wen, 
Chang and Wong(8) devised a method, which 
they believed demonstrated the activity of 
acetylcholine in tissue sections, by means of 
which they identified large amounts of acetyl- 
choline in the syncytial trophoblast of the 
chorionic villi and in the intervillous space of 
the human placenta. With the recent develop- 
ment of several histochemical methods for the 
demonstration of esterases, it seemed advan- 
tageous to explore the placenta by these means 
and with the use of inhibitors to differentiate 
between various enzymes of the esterase 
groups. From an examination of a normal 
human placenta of 10 weeks’ gestation age 
(9,10), it was found that with the method for 
esterase of Barrnett and Seligman(11) on un- 
fixed frozen sections there is an intense re- 
action in the trophoblast clothing the chorionic 
villi, involving mainly the syncytium. With 
the esterase method of Nachlas and Seligman 


* This investigation was aided by a grant from 
the National Institutes of Health, U. S. Public 
Health Service. 

t Jeffries Wyman Scholar, Harvard University, 
1952-53. 


(12), however, carried out on sections of ace- 
tone-fixed, paraffin-embedded material, the 
trophoblast showed no reaction. From these 
observations, the conclusion was reached that 
the combination of a positive Barrnett and 
Seligman reaction on unfixed frozen sections, 
and of a negative reaction by the method of 
Nachlas and Seligman upon acetone-fixed sec- 
tions, indicated the presence of a cholinester- 
ase and possibly a small amount of aliesterase 
in the trophoblast. 

The present paper describes the results of 
histochemical experiments on a human and a 
cat placenta in an attempt to determine by the 
use of inhibitors which esterolytic enzymes are 
present. 

Material and methods. Small blocks of 
tissue were obtained from a placenta of a cat, 
near the middle of gestation (fetal crown- 
rump length: 7.2 cm). Other blocks were ob- 
tained from a normal human placenta of 10 
weeks of gestation (fetal crown-rump length: 
3.2 cm). From the human specimen pieces of 
both labyrinth and decidua were taken. Sev- 
eral blocks were placed in cold acetone (4°C) 
and then embedded in paraffin and sectioned. 
Other blocks were frozen and sectioned in a 
cryostat without any previous fixation. De- 
paraffinized sections of the acetone-fixed ma- 
terial were stained by the methods of Gomori 
(13) and Nachlas and Seligman(12). The 
method of Barrnett and Seligman(11), which 
employs indoxyl acetate as the chromogenic 
substrate, was applied to fresh frozen sections. 
Frozen sections were also stained by the meth- 
od of Ravin, Zacks and Seligman(14), which 
employs 6-bromo-2-naphthyl acetate and 
tetrazotized diorthoanisidine. The method of 
Ravin, Tsou and Seligman(15) was employed 


-to detect serum cholinesterase activity by 


means of a specific substrate; carbonaphthoxy- 
choline iodide and tetrazotized diorthoanisi- 
dine. Frozen sections were also pretreated 
for one hour in barbital buffer (.1 M at 
pH 7.5) containing physostigmine _ salicy- 
late’ (3.1.x 710* " M-. oreo 2am Ocean) 
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or sodium taurocholate 10 M, and stain- 
ing was carried out in the presence of 
these inhibitors to distinguish cholinesterase 
from aliesterase and lipase. Acetylcholines- 
terase and serum cholinesterase are completely 
inhibited by low (10° M) concentrations of 
physostigmine(16,17), but aliesterase is some- 
what inhibited when a concentration of 10° M 
is reached. The activity of both cholinesterases 
is completely destroyed by cold acetone, 
whereas the activity of lipase and aliesterase is 
at best 40-60% reduced by this treatment (12). 
The activity of serum cholinesterase can be 
distinguished from acetylcholinesterase, since 
only the former enzyme is able to hydrolyse 
the chromogenic substrate carbonaphthoxy- 
choline iodide. Lipase is either activated or 
unaffected by sodium taurocholate 10° M 
(18), while aliesterase is inhibited to a variable 
but usually significant degree. Thus, this 
combination of reactions permits a differentia- 
tion of cholinesterases, on the one hand, from 
aliesterase and lipase on the other. An esterase 
which hydrolyses 6-bromo-2-naphthyl acetate 
and is inhibited by physostigmine (10° M) 
and cold acetone is regarded as a cholinester- 
ase, but esterases which resist these inhibitors 
may be aliesterase, lipase or a mixture of both. 
Lipase can usually be distinguished by its 
activation or lack of inhibition by sodium 
taurocholate, and aliesterase, by its inhibition 
with this reagent. 


Observations. Cat’s placenta. After 20 
minutes’ incubation in 6-bromo-2-naphthyl 
acetate and tetrazotized diorthoanisidine(14) 
the epithelium of the subplacental uterine 
glands was filled with punctate, blue granules 
(Fig. 1), and a less intense reaction was pres- 
ent in the trophoblastic lamellae of the chorio- 
allantoic placenta. Sodium taurocholate or 
physostigmine salicylate 3.1 x 10° M slightly 
inhibited the enzymatic activity in the tropho- 
blast. The placenta and uterine glands failed 
to stain with carbonaphthoxycholine iodide 
and tetrazotized diorthoanisidine(15), a result 
which indicated the absence of serum cholines- 
terase. Acetone-fixed, deparaffinized sections 
stained by Gomori’s procedure showed an in- 
tense reaction of the subplacental uterine 
glands, a milder reaction of the trophoblast 
facing the glands and no reaction of the lamel- 
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lae of the placental labyrinth. The character- 
istic columnar cells of the brown border ex- 
hibited a variably strong reaction (Fig. 2), 
whereas the paraplacental uterine mucosa, in- 
cluding the surface epithelium and glands, was 
negative. The brown border was examined 
only in paraffin sections. 

Human placenta. Frozen sections of the 
labyrinth of the human placenta, incubated for 
20 minutes in a mixture of 6-bromo-2-naph- 
thyl acetate, showed dense deposits of blue 
granules in the trophoblastic syncytium and 
lesser amounts in the Langhans cells (Fig. 3). 
The stroma of the chorionic villi, including the 
Hofbauer cells, did not react. The cells lining 
the uterine glands and the epithelium covering 
the decidua were somewhat less intensely re- 
active. Decidual cells of two types were ob- 
served; the larger of these were unreactive but 
the smaller contained some dye granules in- 
dicative of enzymatic activity. The large 
trophoblastic cells of the cell columns and 
basal plate were unreactive (Fig. 4). The 
uterine stroma and musculature appeared to 
be negative. Physostigmine salicylate 3.1 x 
10° M slightly inhibited the enzymatic ac- 
tivity. 

The method of Ravin, Tsou, and Seligman 
for serum cholinesterase was negative in all 
regions of the placenta. _ Acetone fixed, de- 
paraffinized sections of placenta, stained by 
the esterase method of Nachlas and Seligman, 
were also completely negative. 

Discussion. Since the enzymatic activity 
in the trophoblast and uterine glands of the 
cat’s placenta is slightly inhibited by physo- 
stigmine and cold acetone and is not activated 
by sodium taurocholate, it is chiefly due to an 
aliesterase. The slight inhibition when phys- 
ostigmine is used may be attributable to a 
small amount of acetylcholinesterase activity. 

The esterase in human trophoblast and 
uterine glands behaves differently than acetyl- 
cholinesterase or aliesterase in other tissues. 
For example, the acetylcholinesterase activity 
of motor end plates is completely inhibited by 
cold acetone and 10° M physostigmine, where- 
as the activity of human placental esterase is 
abolished by cold acetone but only slightly 
inhibited by physostigmine. From the result 
of acetone fixation, it would appear that a 
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g intense esterase activity of chorionic 
gman. The granular reaction product is localized 
ast (placental membrane) covering the villi. The chorionic 


FIG. 1. Human placenta at, 10 wk gestation showin 
villi by the method of Ravin, Zacks and Seli 
almost exclusively in the trophob1 
stroma is negative. < 350. 


FIG. 2. A portion of the same human placenta showing a secondary chorionie¢ villus attached 
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to a trophoblastic cell column. The trophoblast of the secondary villus (left) reacts intensely 


for esterase, whereas the cell column is negative. 


x 350. 


FIG. 3. Subplacental uterine gland of a cat, showing intense esterase activity (method of 


Ravin, Zacks and Seligman). » 250. 


FIG. 4, The brown border of the membranous chorion of a cat showing a strong reaction for 
esterase in the columnar trophoblast (Gomori’s method). The uterine epithelium opposite col- 


umnar cells is negative, as are also stroma and paraplacental glands of uterine mucosa. 


cholinesterase is responsible for the esterase 
activity of human placenta, although the fail- 
ure of physostigmine to inhibit this activity 
presents an unexpected difficulty. This ap- 
parent inconsistency may be explained either 
by the presence of low placental aliesterase 
activity which is inhibited completely by cold 
acetone, or by a cholinesterase which is resist- 
ant to low concentrations of physostigmine. 
The latter possibility gains added weight from 
the evidence of the presence of acetylcholin- 
esterase and serum cholinesterase in the 
human placenta(6). Similar apparent incon- 
sistencies have been noted in various tissues 
of the rat(19,20). 


It is of interest that the esterase of human 
placenta differs from the esterase found in the 
cat’s placenta. The cat’s placental enzyme is 
presumably aliesterase, whereas the human 
placental enzyme is possibly a cholinesterase. 
The functions of esterases in the placenta are 
obscure. Since the organ lacks innervation, 
there is no apparent need for acetylcholines- 
terase which functions in synaptic transmis- 
sion. One can only surmise that the esterases 
located in the trophoblast probably play a 
role in the transfer of substances across the 
placental barrier. 
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It is well known that the level of circulat- 
ing antibody falls abruptly after the injection 
of specific antigen. This decrease in circulat- 
ing antibody is presumably the result of the 
formation of antibody—antigen complexes 
which are quickly removed from the blood. 
The fate of the antibody following its com- 
bination with antigen and removal from the 
blood has not been described. In a previous 
study we traced the fate of an I}! labelled 
protein antigen during and following its im 
vivo combination with antibody(1). It was 
found that the antigen was catabolized rapid- 
ly following its elimination from the blood. 
The present report deals with the in vivo fate 
of the antibody portion of the immunologic 
complex. 

We have labelled the gamma globulin frac- 
tion of rabbit antiserum to bovine albumin 
with I'*1 and traced the fate of the labelled 
antiserum after its passive administration into 
rabbits, some of which contained the specific 
antigen. I7*! labelled proteins retain their 
radioactive label until they are degraded be- 
yond the point of immunologic recognition, at 
which time the I'*! appears in non-protein 
bound form, chiefly as iodide, and is excreted 
primarily by the kidneys(2). Therefore, 
the originally labelled homologous protein can 
be traced by determination of protein bound 
[81 which exists in dynamic equilibrium in 
the intravascular and extravascular compon- 
ents of the plasma protein pool(3). The 
amount of protein catabolized can be de- 
termined from the measurement of non-pro- 
tein bound I'*! present in and excreted by 
the host. 

Materials and methods. The gamma glob- 
ulin fraction of pooled sera from rabbits re- 
peatedly immunized with crystalline bovine 
serum albumin (BSA) (Armour and Co. lot 
No. 20) was obtained by ammonium sulfate 


* This study was supported by Atomic Energy 
Commission. This is No. 29 of the Pathology De- 
partment. 


precipitation(4). This gamma globulin frac- 
tion, containing 52 mg protein and 27 mg 
anti BSA antibody per ml, as measured by 
quantitative total and antibody nitrogen de- 
terminations(5), was labelled with I?*? as pre- 
viously described(6). The I'*+ labelled 
gamma globulin preparation (1*RGG) con- 
tained less than an iodine atom per molecule 
of protein, and approximately 99% of the 
I*81 was protein bound as determined by 
trichloracetic acid precipitation. As has been 
previously reported, the degree of iodination 
of antibody molecules does not differ from 
that of other globulin molecules(7a,b,c). 
Therefore, it may be assumed that the I**?: 
protein ratio in the IX*RGG was the same for 
both the specific anti BSA antibody molecules 
and the other globulin molecules. The anti 
BSA N : BSA N ratio at equivalence was 
approximately 5.5. Twelve young male albino 
rabbits weighing from 2.2 to 2.4 kg made up 
the 3 experimental groups used in this study. 
All were given non-radioactive iodide in their 
drinking water for several days prior to the 
injection of I*RGG in order to saturate iodine 
utilizing tissues and reduce non-specific reten- 
tion of 181. Rabbits were kept in individual 
metabolism cages for the collection of urine. 
Bladder urine was obtained by catheter and 
was combined with urine collected in the me- 
tabolism cage at each determination. The 
total amount of non-protein bound I?! in 
the body was calculated by multiplying the 
amount in 1 cc of whole blood by 37% of 
the body weight expressed in grams(1). Tech- 
nics of protein bound J?! determination of 
plasma have been previously described(6). 


Group I: IX*RGG. Four rabbits each re- 
ceived intravenously a 2 cc injection of I*¥RGG 
containing 20 mg anti BSA antibody. Determi- 
nations of the protein bound I'*! in the 
plasma and the non-protein bound I?! in total 
body and urine were made 1, 2, 3, 4, and 7 
days after injection. Group IJ: I*RGG fol- 
lowed by BSA. Four rabbits each were in- 
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jected intravenously with 4cc 1*RGG contain- 
ing 40 mg anti BSA antibody. Forty-eight 
hours later, immediately following deter- 
mination of protein bound and _ non-protein 
bound I'*!, they received an intravenous 
injection of 50 mg BSA. Protein bound 
[81 determinations of the plasma were made 
1 hour, 6 hours, 1 day, 2 days, and 5 days 
after injection of BSA. Nonprotein bound 
I’8! determinations of body and urine were 
made 6 hours, 1 day, 2 days, and 5 days after 
BSA. Group III: BSA followed by IXRGG. 
Four rabbits each were injected intravenously 
with 40 mg BSA and 24 hours later were 
injected intravenously with 5 cc I1*RGG con- 
taining 50 mg anti BSA antibody. Protein 
bound I**! determinations of the plasma were 
made 1 hour, 6 hours, 1 day, 2 days, and 3 
days after the I*RGG. Non-protein bound 
T81 in body and urine were determined 6 
hours, 1 day, 2 days, 3 days, and 6 days after 
the I*RGG. 

Results. The amount of I*RGG in total 
plasma volume of each rabbit throughout the 
period of observation is presented in Fig. 1. 
The total accumulative non-protein bound I?*1 
found in urine and body. for each rabbit is 
shown in Fig. 2. 


Group I: I*RGG. In the animals receiving 
only antiserum, the I*RGG disappeared from 
the plasma rapidly during the first 2 days 
and then at a much slower rate for the re- 
mainder of the period of observation (Fig. 1). 
The initial rapid disappearance from the blood 
is caused in large part by equilibration of the 
labelled protein between the intra- and extra- 
vascular components of the plasma protein 
pool(8). The second, slower rate of elimina- 
tion is the result of normal metabolic degrada- 
tion of gamma globulin(9). The amount of 
non-protein bound I'*! appearing during the 
first post injection day was greater than that 
appearing during subsequent days (Fig. 2). 
This difference was probably the result of rapid 
catabolism of any slightly altered protein and 
rapid excretion of the non-protein bound J?*+ 
in the I*RGG. The Group I rates of I*RGG 
elimination from the blood and its catabolism, 
as indicated by appearance of non-protein 
bound J#8!, can be used as controls for com- 


? 
parison with the observations on Groups II 
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PLASMA CONCENTRATIONS OF PROTEIN 
BOUND | 
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— BSA INJECTED 2 DAYS 
AFTER I'* RGG 

+—-— BSA INJECTED | DAY 
BEFORE 1!5! RGG 


PERCENT OF INJECTED PROTEIN BOUND I'S! IN TOTAL PLASMA VOLUME 
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DAYS AFTER INJECTION OF 1/5! RGG 
FIG. 1. % of injected I*RGG in total plasma vol. 
Individual line for each rabbit indicates values dur- 
ing course of observations. In Group II (solid 
lines) the administration of BSA on Day 2 is fol- 
lowed by a prompt drop in plasma I*RGG values 
to about one-half those seen in Group I controls 
and to the range of those of Group III. 


and III, which received BSA in addition to 
I*RGG. 

Group IIT: I*RGG followed by BSA. This 
part of the experiment was designed to observe 
the effect of an excess of antigen on the fate 
of antibody which had equilibrated within the 
plasma protein pool, thereby having a distribu- 
tion somewhat comparable to actively pro- 
duced antibody. In these animals the blood 
levels of IXRGG and the amount of non-pro- 
tein bound I**! two days after injection of 
I*RGG and immediately prior to the injec- 
tion of BSA were similar to those found in the 
controls, as would be expected. However, 
within one hour after the injection of BSA, 
the I*RGG levels in the plasma fell from an 
average of 25% of the original injection to 
17.7%, within 6 hours to 14.3 per cent, and 
within 24 hours to 11% (Fig. 1). Twenty- 
four hours after injection of BSA, the amount 
of I*RGG in the blood was approximately 
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FIG. 2. Rate of appearance of non-protein bound 

J indicating catabolism of I*RGG. In Group II 

after injection of BSA the total non-protein bound 

T*' increases rapidly from values near those of the 

Group I controls to values comparable to those of 
Group III. 


one-half of that expected without injection of 
BSA, according to Group I values. The rate 
of elimination of I*RGG from the blood dur- 
ing the one to 5 day period after injection of 
BSA closely paralleled the final rate of elimi- 
_nation in Group I. Coincident with the rapid 
loss of I*RGG from the plasma after injection 
of BSA, there was an increase in the rate of 
appearance of non-protein bound I"*+ (Fig. 2). 
During the first 6 hours after the BSA injec- 
tion, almost 10% of the injected I?! appeared 
in the non-protein bound form in excess of 
the amount expected had no BSA been given, 
and during the first 24 hours this excess had 
increased from 15 to 20% of the original 
injection. The rate of appearance of non- 
protein-bound I'** fell off abruptly the second 
day following injection of BSA. 

Group III: BSA followed by IX*RGG. This 
group was injected to see whether there would 
be any difference in the elimination and cata- 
bolism of antibody when the order of anti- 
body and antigen administration was reversed. 
As can be seen in Fig. 1, there was a rapid loss 
of I*RGG from the blood immediately after 
its injection in the presence of BSA. From 
one third to one fourth of the I1*RGG dis- 
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appeared from the plasma within 5 minutes, 
almost one half within one hour, 60% within 
5 hours, and 80% within one day. The amount 
of I*RGG in the plasma one and 2 days after 
injection was slightly less than one half that 
found in other groups, indicating specific elimi- 
nation of a little more than one half of the 
I*RGG as a result of the presence of BSA.. 
Three days after injection of I*RGG, the 
plasma protein bound I1#! levels in Group III 
were comparable to those in Group II one 
day after injection of BSA. Non-protein 
bound I'*! rapidly appeared in this group 
after injection of I*RGG. Within one day 
45% of the injected activity was detectable 
in the non-protein bound form. The amounts 
of non-protein bound I'*! found in Groups II 
and III from the third day on, after both had 
received BSA, were similar. 


Discussion. Since the. gamma _ globulin 
preparation, I*RGG, was approximately one 
half specific anti BSA antibody it would be 
expected that only one half, z.e., the antibody, 
would be affected by the presence of BSA. As 
demonstrated by Groups II and ITI in Fig. 1, 
approximately one half the I*RGG was rap- 
idly eliminated from the circulation in the 
presence of an excess of BSA. In Group II, 
within one hour after the injection of BSA, 
31% of the I*RGG estimated to be circulat- 
ing had BSA not been given was eliminated 
from the circulation; within 6 hours, 43% 
was eliminated; and within one day, 50% 
was eliminated. It seems likely that the 50% 
of the I*RGG eliminated in the presence of 
BSA was the specific anti BSA antibody. 
Assuming that were so, the percentage of anti- 
BSA antibody eliminated would be twice the 
above figures for I*RGG elimination, since 
specific anti BSA antibody made up approxi- 
mately one half the total I*RGG protein. 
Since the intravascular and extravascular 
plasma proteins are in dynamic equilibrium, 
not only would one half of the I*RGG be 
removed from the plasma, but actually one 
half of the I*RGG in the entire body would 
be removed from the body’s protein pool. The 
elimination rate of the remaining, non-anti- 
body, I*RGG in Group II 24 hours or more 
after BSA injection agreed well with the 
observed rates of gamma globulin catabolism 
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uncomplicated by the presence of antigen(9). 


In Group III I1*RGG underwent simultan- 
eous equilibration and removal by virtue of 
the presence of BSA. Since the early rates 
of equilibration were not determined in Groups 
I and II, it is not possible to estimate the 
rate of I*RGG elimination caused by BSA in 
the first 24 hours in Group III. However, 
that the BSA induced elimination of I*RGG 
was completed within 24 hours is indicated 
by the fact that the one day plasma levels of 
I*RGG in Group III were slightly less than 
one half those in Groups I and II. It ap- 
pears that the order of administration of anti- 
gen and antibody does not noticeably affect 
the rate of elimination of antibody from the 
circulation. 


Associated with the elimination of ‘anti 
BSA antibody from the circulation in the 
presence of BSA, there is an increase in the 
rate of appearance of non-protein bound I?*! 
indicating an increase in the rate of catabolism 
of the I*RGG, presumably the anti BSA anti- 
body. However, calculation of the exact rates 
of antibody catabolism is complicated by the 
fact that recovery of non-protein bound [?*+ 
was not complete. Since some non-protein 
bound I?*? is eliminated in the breath and the 
feces and since collection of urine in metabol- 
ism cages is never complete, loss of some of 
the non-protein bound I?! is to be expected. 
The per cent of non-protein bound I'** lost 
can be determined by adding to the total 
protein bound [?*? in the animal (approximate- 
ly twice that in the plasma) the non-protein 
bound I?*1 present in and excreted by the host 
and subtracting the sum from 100%. Such 
calculations show the efficiency of our non- 
protein bound I*! collection for the 7-day 
period for Groups I and II and a 3-day period 
for Group III to be: Group I—87%, 
Group II—89%, and Group III—84%. 
There is little retention of non-protein bound 
[31 jn pre-iodinated rabbits(8). If the 
observed Group II non-protein bound I*1 
values given on Fig. 2 are corrected for the 
11% loss of excreted non-protein bound I*?, 
the increased accumulation of non-protein 
bound [#1 expressed as per cent of anti BSA 
antibody theoretically present in the host had 
no BSA been given, was as follows: at 6 hours 
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39%, 24 hours 84%, and 48 hours 97%. 
These values, while admittedly only approxi- 
mations, indicate that antibody catabolism is 
largely completed less than 24 hours after 
antibody is removed from the circulation as 
a result of the presence of circulating specific 
antigen. 


If the non-protein bound values for Group 
III (Fig. 2) are corrected for the 16 per cent 
loss of non-protein bound I?*1, the increased 
accumulation of non-protein bound I?*? ex- 
pressed as per cent of anti BSA antibody 
theoretically present in the host had no BSA 
been given, was as follows: at 24 hours, 67% 
and at 48 hours, approximately 100%. The 
observations on Group III are in general 
agreement with those of Group II and support 
the conclusion that the catabolism of anti- 
body occurs rapidly after its elimination from 
the circulation. 


The rapid rate of catabolism of antibody 
after its elimination from the circulation, pre- 
sumably as part of an antigen—antibody com- 
plex or precipitate, is comparable to the rate 
of heterologous serum protein antigen cata- 
bolism under similar circumstances, as pre- 
viously observed(1). This is in line with 
the observation that the rates of catabolism 
of homologous and heterologous serum pro- 
teins in the absence of an immune response 
are similar(8). It appears that the rabbit is 
equally capable of catabolizing foreign and 
native serum proteins and does not make a 
marked distinction between the two as far as 
rate of catabolism is concerned. 


Pressman et al., found that I! labelled 
rabbit anti mouse kidney antibody, when local- 
ized in the glomeruli of mice, had a half-life 
of 20 to 21 days(10). The difference be- 
tween the rate of loss of the antibody pre- 
sumably fixed to the antigenic constituents of 
the glomeruli and the rate of degradation of 
antibody removed from the blood in the 
presence of circulating antigen might be in 
part related to the difference in species of 
host but more likely is the result of localization 
of the antibody. The antibody as part of a 
circulating antibody-antigen complex or pre- 
cipitate would be taken up, in all likelihood, 
by reticuloendothelial cells which apparently 
have the ability to degrade protein rapidly. 
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The antibody fixed to the antigenic compon- 
ents of the glomeruli might not be exposed to 
cells with such proteolytic powers. If the 
antibody were attached to the glomerular 
basement membrane, which has been shown 
to be the most antigenic of the kidney’s com- 
ponents(11), it might even be extracellular 
and therefore not exposed to proteolytic attack 
by intracellular enzymes. 


Conclusions. In the presence of specific 
antigen 62% of the homologous anti-protein 
antibodies are rapidly removed from the circu- 
lation within one hour after injection and 86 
per cent within 6 hours. Once removed from 
the blood, the antibodies are promptly cata- 
bolized, between one third and one half within 
6 hours and virtually all between 24 and 48 
hours. In the rabbit the rates of catabolism 
of anti protein antibodies and heterologous 
serum protein antigens after their elimination 
from the circulation as specific complexes are 
comparable. 


Since the submission of this manuscript for publi- 
cation a paper dealing with this subject by S. P. 
Masouredis, L. R. Melcher and M. B. Shimkin 
entitled “The Effect of Antigen Administration on 
the Behavior of 1131 Labelled Rabbit Anti-Ovaibu- 
min in Mice” has appeared in the Journal of Im- 
munology, 1953, v71, 268. 
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(Introduced by R. E. Zirkle.) 


From the Institute of Radiobiology and Biophysics, University of Chicago. 


While investigating the influence of ‘‘modi- 
fying factors” (anoxia, protective chemicals, 
temperature, and physical state) on radiosen- 
sitivity of yeasts(1), it was found that the 
changes in radiosensitivity that had to be 
measured were relatively small. This made 
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it necessary to develop a technic that would 
yield accurate and reproducible X-ray survival 
curves and to investigate cultural and physi- 
cal conditions that might influence the radio- 
sensitivity of the cells and the shape of their 
survival curves. These investigations are de- 
scribed in this paper. The influence of other 
modifying factors will be reported elsewhere. 

Methods. Unless otherwise specified, a 
haploid strain of the yeast Saccharomyces 
cerevisiae was used; in one experiment a 
genetically related diploid strain was used, 
both strains being supplied by Prof. R. E. 
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Zirkle. Stock cultures on Difco potato dex- 
trose agar (PD agar) slants were kept at 
—30°C. From these, monthly subcultures 
were prepared, incubated at room temperature 
(25°) for 4 days, and stored at 0°. Streak 
cultures were prepared from the subcultures 
daily and incubated at room temperature 
until used (14 days unless otherwise speci- 
fied). Cells were harvested with a wire loop 
and suspended in M/15 KH2PO, at a con- 
centration of approximately 10° cells/ml. 
(Acid phosphate was used for all suspensions 
and dilutions.) After agitation the cells were 
washed by 3 centrifugations (2000 g) of 
5, 1, and 5 minutes, respectively. The cells 
were resuspended in an Erlenmeyer flask and 
placed on a Boerner rotary shaker for 90 
minutes, after which they were filtered 
through a 5-cm thickness of pyrex wool to 
remove large pieces of debris and clumps of 
cells that might be present. The cells were 
examined microscopically for clumping or 
budding, and a hemocytometer was used to 
count the number of cells/ml. After dilution 
to 10° cells/ml, approximately 200 ml of this 
suspension in a 500-ml flask were shaken for 
at least 3 hours. Samples were then taken 
from this stock suspension as needed. The 
X-ray machine was a General Electric Max- 
imar, operated at 250 KV, 15 ma, with in- 
herent filtration only. The exposure rate was 
425 + 5 roentgens/minute at the surface of 
the irradiated suspensions, as read on a Vic- 
toreen chamber placed in the same plane as 
the yeast suspensions. For irradiation, 1.2-ml 
samples from the stock suspension were placed 
in plastic-capped glass vials, 21 mm in diam- 
eter and 50 mm high. Not more than 3% of 
the X-ray beam was absorbed in traversing the 
yeast suspension. Uniform doses were attained 
by rotating the vials (80 rpm) in a horizontal 
plane 18 cm from the cone aperture of the 
X-ray machine in such a manner that the 
bottom halves of the vials were submerged 
in a bath kept at 20.0 + 0.1°C. Control 
samples were kept in the same bath and were 
shielded with lead. 

After the desired treatment (X-raying, 
etc.), each sample was diluted accurately, and 
0.5 ml aliquots were spread with L-shaped 
glass rods on the surface of PD agar plates 
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that had been poured 3 days earlier and al- 
lowed to dry. Dilutions were so made that 
200 to 400 colonies would be formed per plate 
(except at very low survivals), a visible 
colony being taken as the criterion of a viable 
cell. Within one hour after plating (first 
buds appeared in 2 to 4 hours) plates were 
incubated at 30° + 1° for 64 hours without 
further movement. Visible colonies were then 
counted and surviving fractions computed as 
the ratio of the number of cells/ml surviving 
X-irradiation to the number of cells/ml in 
controls. Usually 2 vials were used per ex- 
perimental point and 4 plates per vial. The 
computed standard errors of the means were 
only slightly larger than sampling errors when 
survival was greater than 0.01, but increased 
somewhat for survivals less than this. For 
several survival curves the experimental 
points were fitted to an exponential curve by 
the method of least squares. However, since 
fitting by eye gave results to within 0.5% of 
those obtained by least squares, most curves 
were fitted in this way. 


Results. Curve A of Fig. 1 is a standard 
X-ray survival curve for haploid yeast ob- 
tained by the technic described above. The 
standard errors of the experimental points are 
less than 2% (approximately the size of the 
points of the graph) and hence the shape is: 
reliably determined. The experimental points 
can be fitted by an exponential curve} with 
considerable precision. In several experi- 
ments with haploid yeast, slight departures 
from the exponential relation, s = e™*!t, were 
noticed at low doses. Curve B of Fig. 1 
shows the experimental points obtained in the 
most divergent experiment. The solid line 
through the points is theoretically obtained 
by considering that there are 2 classes of cells 
present: 1) normal haploid cells, and 2) 
“divided haploid” cells (cells that might be 
in nuclear division or might have completed. 
division without visible budding; see Discus- 


¢ Exponential survival curves are defined by the’ 
relation s = e™*!'; s is the surviving fraction of 
cells after a period of irradiation t minutes at a 
rate of I roentgens/minute, and n is the number 
of “sensitive sites” each of sensitivity k (see Zirkle 
and Tobias(6)). Thus nk is a direct measure of 
the radiosensitivity. 
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sion). This analysis would also hold for the 
case of contamination with clumped or 
budded cells; microscopic examination, how- 
ever, revealed neither. Furthermore, experi- 
ments showed that this departure from the 
exponential did not depend in a predictable 
fashion on the age of the culture from which 


TABLE I. Reproducibility of X-ray Survival 
Curves for Haploid Yeast. 


nk X 104 Deviation 
Date (roentgens*) (%) 
9-13-51 2.36 + .05 2 
3-21-52 2.46 + .04 2 
(ae 2.52 —& .05 4 
8-10 2.46 + .03 2 
2-23-53 2.26.+ .06 6 
Avg 2.41 
TABLE II. Dependence of Radiosensitivity of 
Haploid Yeast on Age of Culture. 
Radiosensitivity, 
Culture age nk X 104 
(days) (roentgens~) 
2 3.58 + .07 
6 2.47 + .05 
14 2.41 + .04 
28 2.42 + .04 


——— 
40 50 60 


MINUTES IRRADIATION AT 425 ROENTGENS PER MINUTE 
FIG. 1. X-ray survival curves of haploid yeast. Experimental points have errors of 2% or less 
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cells were obtained. As but few haploid 
curves showed this small departure from the 
exponential, X-ray survival curves of the hap- 
loid yeast will be considered exponential. 

That these results are reproducible over ex- 
tended periods is shown by the data of Table 
I in which the radiosensitivities (nk) are 
given for typical experiments with 14-day 
cultures over a period of 18 months. 

Several hours were often required for the 
completion of an experiment. However, ali- 
quots of yeast suspension taken from a stock 
suspension (10° cells/ml) at various intervals 
up to 20 days showed no statistically signifi- 
cant change in either radiosensitivity or titer. 
Furthermore, cells irradiated at concentra- 
tions of 2.5 x 10° and 10° cells/ml displayed 
the same radiosensitivity although the titer 
of non-irradiated cells stored at the lower con- 
centration dropped by a factor of 2 in 24 
hours unless fortified with filtrate from a con- 
centrated yeast suspension. Viability as used 
above is measured by colony formation from 
non-irradiated cells and does not necessarily 
mean that all cells in the controls are viable. 

Microscopic examination, however, of 
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PIG. 2. ‘‘Tail’’ formation on x-ray survival curves 

as a function of age of culture. Dashed line repre- 
sents initial exponential portion of each curve. 
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plated aliquots revealed that at least 98% 
of all cells prepared by means of the standard 
technic form visible colonies. 

In Table II the results of a typical experi- 
ment are listed illustrating the dependence of 
the radiosensitivity, nk, on the age of the 
culture from which the stock suspension was 
prepared. Very young cultures (2-day) are 
considerably more sensitive than older ones. 
Often this is “explained” by the rule of 
Bergonie and Tribondeau(2) which states 
that the radiosensitivity of cells is directly 
related to their “activity”; generally young 
cells are considered more active. However, 
“starving” 2-day cells by agitation in acid 
phosphate for 48 hours before irradiation 
does not change their radiosensitivity al- 
though their activity should be reduced to a 
very low level by this treatment. 

In Fig. 2 it can be seen that at high X-ray 
doses there is a definite break from the ex- 
ponential part of the curve with the forma- 
tion of a “tail” and that the older the culture 
(up to 14 days), the lower is the appearance 
of the tail on the curve. To test if the tail 
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were caused by a genetically more resistant 
strain, X-ray survival curves were obtained 
for 32 cultures made from tail-survivors of a 
previous irradiation. In all cases the usual 
type curve was obtained. 

To test if the tail position for young cul- 
tures could be varied, survival curves were 
obtained for a 2-day culture that had been 
“aged” by agitation in acid phosphate for 4, 
24, and 48 hours. The point of origin of the 
tail remained remarkably constant although 
there was a small change in the shape and 
slope of the tail region, the curve for the 
more “aged” cells showing increased concavity 
downwards. Careful attempts to determine 
if there were any photoreactivation of X-ray 
inactivated yeast gave negative results. 
Latarjet(3) has reported an increased survival 
of X-rayed Saccharomyces ellipsoideus when 
stored in the cold before incubation. How- 
ever, storage at 5° of X-rayed haploid yeast 
used in these experiments for periods up to 
7 days before incubation gave decreased 
rather than enhanced survivals. 


In Fig. 3 the experimental points of an 
X-ray survival curve are shown for the re- 
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MINUTES IRRADIATION AT 425 ROENTGENS / MIN 
FIG. 3. X-ray survival points of diploid yeast. 
Curves A, B, and © are computed from the relation 
S= (2e*It—e*klt)2, with n given the various val- 

ues shown. 
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curves were obtained from theoretical con- 
siderations that will be discussed later. 

Discussion. It is desirable to place the test 
organisms in such a state that they form a 
homogeneous population. There are at least 
2 ways to approach this. 1) Use a growing 
but statistically homogeneous population from 
a device such as a “‘chemostat’” (4). 2) Usea 
resting population such as would be obtained 
if cells were kept on agar slants for long 
periods. Here it would be hoped that the 
cells would have approached a common, rest- 
ing state. Cultures grown by the first method 
display considerable variation in the size of 
individual cells and there is a great deal of 
budding and clumping; these factors might 
easily influence the radiosensitivity. How- 
ever, cells harvested from the surface of PD 
agar after 6 days or more of growth show no 
clumping, less than 0.1% budding, and are 
approximately uniform in size (4 to 5 pw in 
diameter). For these reasons cells were 
grown on agar slants. 

Cells prepared as described in Methods 
appear to be in a steady state condition as 
determined by the consistencies in the radio- 
sensitivity and in the titer. Hence time per se 
can be eliminated as a disturbing factor for 
suspensions of 10° cells/ml. 

The individual experimental points of most 
published survival curves for various radia- 
tions have errors of 10% or more, and the 
curves themselves are not very reproducible. 
’ However, the above methods allow points of 
X-ray survival curves to be determined quite 
accurately; thus it is possible to ascertain the 
shape of the curves with considerable exact- 
ness. The normal haploid X-ray survival 
curve (Curve A of Fig. 1) for a 14-day or 
older culture is exponential down to survivals 
of 10 or less. This is interpreted as indicat- 
ing that inactivation of haploid yeast by 
X-rays is due to a single event. 

Occasional departures from the exponential 
type curve (Curve B of Fig. 1) do not neces- 
sarily conflict with the above interpretation. 
A possible explanation of Curve B is the 
following. In any population of yeast some 
of the cells might be in or might have com- 
pleted nuclear division without visible bud 
formation. These divided haploids, having 2 
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sets of chromosomes, would be more resistant 
to irradiation. Consider the simplest pos- 
sible case: a fraction fz of the population has 
undergone complete nuclear division without 
bud formation. Then the fraction fy = 1 — 
f. of the population is normal.’ The survival 
of such a mixed population to X-rays would be 
given by s = fye™*lt + fo(2emkIt — ePnklt), 
The slope nk can be obtained from the low 
survival region of the curve. An excellent fit 
is obtained (the solid line of Curve B, Fig. 1) 
by assuming that fy, the fraction of divided 
haploids, is 0.33 + 0.05 in this experiment. 


No adequate explanation can be suggested 
for the dependence of the radiosensitivity on 
the culture age (Table II). Although grow- 
ing, young cells might be more “active” than 
resting, old cells, a pretreatment similar to 
the one used here was shown by. Aldous, 
Fisher, and Stern(5) to reduce carbon dioxide 
production and oxygen consumption to an 
endogenous level. Certainly the 48-hour agi- 
tation in acid phosphate of 2-day cultures 
should have changed the radiosensitivity (the 
initial slope) to that characteristic of older 
cultures if cellular activity alone determined 
the radiosensitivity. It is entirely possible 
that the “cross-sections” for the pertinent 
inactivation processes depend on the previous 
metabolic history of the cell. For example, 
it may be that older cells accumulate higher 
concentrations of cellular products that could 
serve as protecting agents against diffusing 
poisons produced by irradiation. 


The tail effect (Fig. 2) has previously been 
reported by Zirkle and Tobias(6) and by 
Latarjet and Ephrussi(7), although it was 
observed at much higher survivals (around 
0.05). Possible explanations for this differ- 
ence are: 1) yeast were probably not placed 
in a state of endogenous metabolism; 2) ir- 
radiations were carried out on blocks of agar 
instead of in aqueous suspensions; 3) a dif- 
ferent criterion of viability was used by 
Zirkle and Tobias (microscopic colonies of 3 
or more cells instead of visible colony forma- 
tion) ; 4) a different strain of yeast may have 
been used by Latarjet and Ephrussi. The 


§ This is, of course, an oversimplification; there 
would be many intermediate cases. 
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fact that the “tail” regions are approximately 
exponential suggests that 2 populations are in- 
volved; the first (the larger) has the radio- 
sensitivity characteristic of the initial part of 
the curve, the second, that of the tail region. 
This second fraction depends on the age of 
the culture. That these resistant cells are not 
genetically stable was revealed by the fact 
that cultures grown from them have the radio- 
sensitivity characteristic of normal cells. 
From the experiments in which young cells 
were “aged” in acid phosphate, it appears 
that this resistant fraction remains constant 
under resting conditions.|! It is interesting to 
note that while young cultures have a larger 
fraction of radioresistant cells, the rest of the 
cells are more sensitive than in older cultures 
(Table IT). 

Zirkle and Tobias(6) have estimated the 
number of “sensitive sites” in the haploid 
yeast necessary for continued cell division. 
It is worth while to repeat their calculations 
using these more accurate survival curves. 
The haploid curves provide data for deter- 
mination of nk. The theoretical diploid 
X-ray survival curve is given by the expres- 
sion s = (2e*!t — e*klt)n where the symbols 
are as before. In Fig. 3 the above function 
is plotted for assumed values for n of 20, 30, 
and 40, nk being obtained from the haploid 
curves. A very good fit to the experimental 
points is obtained for n = 30. Hence, under 
the given experimental conditions, inactiva- 
tion of both members of any one of 30 + 5 
pairs of ‘“‘sensitive sites” in the diploid cells 
results in inability to form visible colonies. 
Presumably this is also the number of “sen- 
sitive sites” in the haploid cell. 

The fact that good exponential X-ray sur- 
vival curves were obtained for the haploid 
strain down to survivals of 10+ or less (for 
14-day or older cultures) indicates that the 
method used here has certain advantages over 
those of Zirkle and Tobias and of Latarjet 
and Ephrussi. Also studies on effects due to 
temperature, protection, anoxia, etc., can be 


|| Beam, et al.,(8) have reported a correlation be- 
tween the fraction of cells composing the “tail” 
and the number of cells with buds. They attribute 
the increased radioresistance of the buds to a 
duplication of nuclear material. 
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more easily carried out in aqueous suspension. 
The goodness of fit of the experimental points 
to an exponential curve is good evidence that 
the rate limiting process of inactivation is 
first order, i.e., single event as postulated by 
Zirkle and Tobias in their diffusion model (6). 
Although the culture age has considerable 
influence on the radiosensitivity, exponential 
inactivation was observed for all ages. Other 
modifying agents have been used for this 
yeast system; Birge and Tobias(9) found 
yeast more resistant under anaerobic condi- 


tions; Wood(1) has investigated the effects of 


various temperatures and of phase state on 
the radiosensitivity. In all cases, although 
considerable changes in radiosensitivity were 
observed, the survival curves were exponen- 
tial. These results are most easily explained 
by use of the diffusion. model of Zirkle and 
Tobias and are good evidence that a sizeable 
fraction of the inactivation is due to indirect 
action. 

Summary. Accurate and reproducible X-ray 
survival curves were obtained for both haploid 
and diploid yeast under carefully controlled 
conditions. The haploid curve is exponential 
down to survivals of 10+ or lower for old cul- 
tures; the diploid curve is sigmoid and a good 
fit can be obtained by use of the proper multi- 
target model. The slope of the haploid sur- 
vival curve (the radiosensitivity) depends on 
the culture age, young cultures being more 
sensitive. The haploid curves exhibit “tails” 
at low survival levels; the position of the tail 
is also dependent on the culture age, young 
cultures showing the tail at higher survival 
levels. The goodness of fit of the experi- 
mental points of the haploid yeast survival 
curves to an exponential curve is evidence 
that the rate-limiting inactivation step is first 
order as postulated in the diffusion model of 
Zirkle and Tobias. 


The author would like to thank Professor R. E, 
Zirkle for research facilities and encouragement dur- 
ing this work. 


1. Wood, T. H., Ph.D. Thesis, The University of 
‘Chicago, 1953. 

2. Bergonie, J., and Tribondeau, L., Compt. rend., 
1906, v142, 983. 

3. Latarjet, R., ibid., 1943, v217, 186. 

4. Novick, A., and Szilard, L., Proc. Natl. Acad. 


452 Ascorspic Actp PoTENTIATION OF PGA 


Sci., 1949, v35, 591. 

5. Aldous, J. G., Fisher, K. C., and Stern, J. R., 
J. Cellular Comp. Physiol., 1950, v35, 303. 

6. Zirkle, R. E., and Tobias, C. A., Arch. Biochem. 
and Biophys., in press. 


8. Beam, C., Mortimer, R., Wolfe, R., and 
Tobias, C., Radiation Research Society Meeting, 
June, 1953. 

0.) Birges Ay (C.,and yy obias am Cee mer NLOI 


Energy Comm. Rept. UCRL-1922, 1952. 


7, Latarjet, R., and Ephrussi, B., Compt. rend., 
1949, v229, 306. 


Received October 16, 1953. P.S.E.B.M., 1953, v84. 


Potentiation of Pteroylglutamic Acid by Ascorbic Acid in Anemia 
of Scurvy. (20674) 
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The citrovorum factor (CF) is an active were counted for each determination. Buffy 


metabolite of pteroylglutamic acid (PGA) 
(1-3). CF replaces PGA in the nutrition of 
certain microorganisms(4,5) and animals 
(6,7), reverses aminopterin toxicity(2,6,8), 
and is effective in the treatment of nutritional 
macrocytic anemias in man(9-13). The con- 
version of PGA to CF by rat liver slices(14) or 
by resting cells of S. faecalis A(15) is en- 
hanced by ascorbic acid. Excretion of CF in 
the urine following PGA injection is increased 
by ascorbic acid administration in normal man 
(16,17), whereas in adult human subjects with 
scurvy the ability to convert PGA to CF is 
impaired(18). CF is more effective than PGA 
in treating the megaloblastic anemia occurring 
in monkeys fed scorbutic diets low in PGA 
content(19,20). These observations suggest 
that ascorbic acid deficiency may precipitate 
certain nutritional anemias by limiting the 
conversion of PGA to CF. From studies on 
2 patients with scurvy and anemia data are 
here presented which demonstrate a potentia- 
tion by ascorbic acid of the effect of PGA 
upon erythropoiesis. 

Methods. Hemoglobin concentration, he- 
matocrit, and red blood cell count were de- 
termined every 3 to 4 days by standard tech- 
nics. Reticulocyte counts were done daily by 
the dry method(21), and at least 1,000 cells 
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coat ascorbic acid levels were measured by the 
method of Butler and Cushman(22). The 
24-hour urine outputs were collected and 
stored without preservative in a refrigerator; 
upon completion of each daily collection, ali- 
quots were taken and stored at —10°C for 
assay. The PGA and CF activities of these 
urines were determined by microbiologic as- 
says which utilize the growth response of L. 
casei(23) and of L. citrovorum(1,24), respec- 
tively. The levels of vit. By. in the serum 
were assayed by a modification of the method 
of Ross which utilizes the growth response of 
Euglena gracilis(25). Serum iron concentra- 
tions were determined by the method of Kitzes 
et al.(26) employing o-phenanthroline. 


Clinical observations. Case 1. A 42-year- 
old white male, gave an 8 months’ history of 
inadequate food intake, particularly of ascorbic 
acid containing foods. On admission, he was 
weak, pale, and poorly nourished. He had 
a prominent perifollicular petechial rash over 
the arms, legs, and trunk, and several large 
ecchymoses on the posterior aspects of both 
legs. The tourniquet test was positive, but 
other coagulation studies, including bleeding 
time, clotting time, and clot retraction, were 
normal. Ascorbic acid was not present in the 
buffy coat of the venous blood. Hematologic 
studies revealed a macrocytic anemia with a 
hemoglobin of 6.6 g %, a hematocrit of 21.6 
vol %, and a red cell count of 2060000/mm:. 
The bone marrow aspirate contained a hyper- 
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active immature erythroid series. No megalo- 
blasts were seen. The serum iron level was 
137 wg %, with a total iron-binding capacity 
of 382 wg %. The total serum By. level was 
344 uwyg/ml, which is within the normal range 
for this laboratory of 532 -& 2 standard devia- 
tions of 322 pug/ml. 

Case 2. A 49-year-old white male, chronic 
alcoholic, entered the hospital with complaints 
of weakness, pallor, soreness of the mouth, and 
dysphagia. He gave a history of inadequate 
food intake for about 7 months prior to hos- 
pital admission. Physical examination re- 
vealed pallor, evidence of weight loss, cheilitis, 
and a smooth, pale tongue. There was a 
perifollicular petechial rash and a hyperkerato- 
tic folliculosis over the extensor surfaces of the 
arms and legs, and over the abdomen. Perineal 
and scrotal ulcerations were present. The 
liver was enlarged. The tourniquet test was 
negative and other coagulation studies, in- 
cluding bleeding time, clotting time, and clot 
retraction, were normal. Ascorbic acid was 
absent from the buffy coat of the venous blood. 
Hematologic studies revealed a white blood 
cell count of 2100/mm‘*, a platelet count of 
81000/mm*, and a macrocytic anemia with a 
hemoglobin concentration of 2.9 g %, a he- 
matocrit of 9.2 vol %, and a red blood cell 
count of 710000/mm*. The bone marrow 
aspirate contained a predominance of ab- 
normal red and white blood cell precursors, 
including numerous megaloblasts. Free acid 
was present in the gastric juice. The serum 
iron concentration was 169 ng %, with a total 
iron-binding capacity of 281 pg %. The total 
serum By» level was 193 pug/ml. A bromsul- 
fonphthalein retention of 40% was evident 45 
minutes after injection, and there was a 4+ 
cephalin flocculation. X-ray studies of the 
upper gastro-intestinal tract revealed a hiatus 
hernia and a nutritional deficiency pattern of 
the small bowel. The oral glucose tolerance 
and stool fat contents+ during a period of 
controlled fat intake were normal. The pa- 
tient was transfused with packed cells from 
1 liter of blood at the start of the study. 

Procedure. Shortly after admission both 
patients were placed on a diet which consisted 
of boiled milk, rice, crackers, sugar, coffee, and 


¢ Performed by Dr. Perry J. Culver. 
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CASE | SCORBUTIC DIET REG, DIET 
| PGA 125 GAMMA I.M. DAILY 
Oo AGE 42 


| GM. 
ASCORBIC ACID 1 <M: 


Ox: SCURVY 


%, 


HGB GMS 


% 


RETICULOCYTES 


EMG 


water, and which thus provided little, if any, 
ascorbic acid. After an initial control period 
both patients received daily intramuscular in- 
jections of PGAS: 125 and 250 yg for 10 and 
12 days, respectively. In addition to the scor- 
butic diet and PGA, both patients were then 
given 1 g of ascorbic acid orally daily, for 9 
and 10 days, respectively. In both patients, 
following the administration of ascorbic acid, 
the signs and symptoms of scurvy cleared and 
ascorbic acid appeared in the venous buffy 
coats. During the final period of study, PGA 
and ascorbic acid were continued in each pa- 
tient, but a regular diet replaced the scorbutic 
diet. 

Results. When therapy with daily intra- 
muscular PGA was instituted, a reticulocyte 
response occurred, with a maximum value of 
6:5% on the seventh day. (Case 1, Fig. 1.) 
When ascorbic acid was given in addition to 
PGA and the scorbutic diet, a second reticulo- 
cyte response was observed which reached a 
maximum of 9% on the fifth day of combined 
therapy. The introduction of a regular diet 
produced no further response. The reticulo- 


§ “Folvite” Solution, supplied by the Lederle 
Laboraitories Division, American Cyanamid Co., 
Pearl River, N. Y. 
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GASE 2 


SCORBUTIC DIET IRREGULAR DIET! 
ASCORBIC ACID | GM. DAILY 


oO" AGE 40 
Dx: SCURVY 


HGB GMS % 


2 units aloop 


RETICULOCYTES % 


EG. 2: 


cyte responses were followed by increases in 
hemoglobin concentration, hematocrit, and red 
blood cell count. 

In Case 2, the reticulocyte level was less 
than 1% during the initial control period 
(Fig. 2). On the tenth day of daily intra- 
muscular PGA therapy a maximum reticulo- 
cyte level of 22% was noted. Three days after 
this response had begun a 4-day course of 
aureomycin (1 g p.o. daily) was given for an 
acute E. coli urinary tract infection. With ad- 
ministration of ascorbic acid a second reticulo- 
cyte rise occurred with a maximum value of 
18% on the tenth day. During the period 
when the scorbutic diet was replaced by a 
regular diet with continuation of the PGA and 
ascorbic acid, a third reticulocyte response de- 
veloped with a maximum value of 11% on the 
fifth day. The reticulocyte responses were 
associated with increases in hemoglobin con- 
centration, hematocrit, and red blood cell 
count. 

Urinary CF activity in Case 1. was immeas- 
urably low throughout the study. In Case 2 
urinary folic acid activity (FAA) increased 
somewhat during PGA administration (Table 
I). Urinary CF activity did not increase 
significantly after ascorbic acid therapy. 

Discussion. The hematologic responses to 


Ascorspic Acip PoTENTIATION oF PGA 


the intramuscular administration of small 
doses of PGA observed in these patients sug- 
gest that PGA deficiency was involved in the 
pathogenesis of the anemia. Whether this 
PGA deficiency resulted from inadequate in- 
take, from faulty utilization, or from both, 
cannot be stated with certainty. The secon- 
dary reticulocyte responses observed in both 
patients when ascorbic acid was given in addi- 
tion to PGA may have resulted from a more 
efficient conversion of PGA to CF as the scor- 
butic state was corrected. This interpretation 
is supported by reports indicating that ascorbic 
acid facilitates the conversion of PGA to CF 
by rat liver slices(14), that CF is more effec- 
tive than PGA in the anemia of scorbutic mon- 
keys(20), and that patients with scurvy given 
large doses of PGA (10 mg p.o. daily) do not 
excrete normal quantities of CF in the urine 
until ascorbic acid is administered(18). The 
data on urinary excretion of PGA and CF ob- 
tained in the present study do not contribute 
to the interpretation of the hematologic data, 
since the increases in PGA excretion were 
small, and since no increase in CF excretion 
occurred following ascorbic acid administra- 
tion. This may be related to the small doses 
of PGA used, to the retention of these sub- 
stances for correction of tissue depletion, or to 
an increased requirement for them during ac- 
tive hematopoiesis. 

The data presented here do not rule out the 
possibility that ascorbic acid per se might have 
been responsible for the secondary reticulocyte 
responses observed. However, previous ex- 
perience in this laboratory has revealed no 
evidence of a direct stimulation of erythro- 
poiesis by ascorbic acid alone in anemic scurvy 
patients. The present observations therefore 


indicate that ascorbic acid is necessary for 


optimal erythropoiesis in man through po- 
tentiation of the hematologic effect of PGA. 
This potentiation may be due to the more 
efficient conversion of PGA to CF which 
occurs when the scorbutic state is alleviated by 
ascorbic acid therapy. 

Summary. Two men with scurvy and asso- 
ciated anemia, while maintained on a scor- 
butic diet, displayed hematologic responses to 
125 and 250 wg of PGA, respectively, given 
intramuscularly daily. A potentiation of this 


— 
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TABLE I, Urinary Folie Acid Activity (FAA) and Citrovorum Factor Activity (OF) in Case 2. 
—————— eee ee 


v—Daily medication—, 


Ascorbic 
Days of PGA, acid, Avg daily urinary excretion, 
study Diet wg im. g p.o. FAA, wg OCF, ug , 
5- 7 Scorbutie 0 0 505 234 
( .830— .616) (.123— .323) 
8-19 HS 250 0 2.747 506 
( .702- 6.280)  (.156-1.036) 
20-29 3 250 1 5.105 502 
(1.360-13.524)  (.832— .745) 
30-43 Regular 250 il 5.739 .634 
(2.520-18.408)  (.413-1.080) 


hematologic effect of PGA occurred on subse- 
quent administration of 1 g of ascorbic acid 
daily in addition to the PGA. 
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Passage of Metabolites of Chloral Hydrate into Amniotic Fluid. 
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The question of the origin of the amniotic 
fluid is still controversial. Gusserov(1,2) 
proved experimentally that fetal urine is ex- 
creted into the fluid, but according to 
Schroeder(3) the amniotic fluid is originally 
a transudate to which the fetal urine is added 
afterwards. Plentl and Hutchinson(4) esti- 
mated that in the human an hourly exchange 
of fluid amounting to 550 cc to and from the 
amniotic fluid takes place. The collective 
evidence suggests a possible change from a 
straight transudate at the time preceding fetal 
kidney function to a more or less exclusive 
renal origin in the later stage of fetal life. In 
our studies with chloral hydrate and its trans- 
fer from the maternal organism to the foetus, 
we found that the foetus excreted a metabolite 
of chloral hydrate in its urine and this was 
recovered in the amniotic fluid. 

Butler(5) has shown that after chloral 
hydrate administration the blood contains, in 
addition to chloral hydrate, trichloroethanol 
and trichloroacetic acid. He also described a 
method of determination of these compounds 
in the blood, according to which chloral hy- 
drate and trichloroacetic acid are directly de- 
termined colorimetrically by the red color de- 
veloped by heating with pyridine and strong 
sodium hydroxide solution. Trichloroethanol 
is determined by the same method after oxida- 
tion of trichloroacetic acid with sulfuric acid 
and potassium dichromate. The urine of 
healthy animals contains after chloral hydrate 
administration only urochloralic acid as sole 
metabolite(6). This conjugation product of 
trichloroethanol with glucuronic acid cannot 
be determined directly, but after hydrolysis 
and oxidation with chromic acid mixture to 
form trichloroacetic acid, it can be determined 
as this compound by the method as described. 

Methods, It is known that chloral hydrate 
readily passes the placenta and circulates in 
the foetus; however, no investigation has been 
extended to the amniotic fluid. Since human 
amniotic fluid is easily contaminated with 


blood, experiments were performed with rab- 
bits. 1) Rabbit of 5160 g, in fourth week of 
gestation, received by stomach tube 200 mg 
chloral hydrate as a 10% solution. After 30 
minutes the animal received a high dose of 
pentobarbital sodium intravenously, was im- 
mediately opened, and the amniotic fluid was 
withdrawn with a hypodermic syringe from 
the embryonic sacs. The clear liquid did not 
give the pyridine reaction, which excludes the 
presence of chloral hydrate or trichloroacetic 
acid. Extraction with heptane did not show 
the presence of trichloroethanol. After evapo- 
ration of 1 cc to dryness and oxidation with 
2 cc chromate-sulfuric acid mixture, the re- 
action was positive, proving the presence of 
urochloralic acid. Colorimetric measurements 
indicated an equivalent to 4 ug chloral hydrate 
per cc. The analysis of the maternal blood 
showed per cc: chloral hydrate 10 pg; tri- 
chloroacetic acid 2.5 pg and _ trichloro- 
ethanol 2 pg. 2) Rabbit of 4430 g, gestation 
of 3 weeks, received 0.3 g chloral hydrate as 
10% solution in oil rectally; after 1 hour 0.3 
g in 10% aqueous solutions was given orally. 
Twenty-five minutes later the animal was 
killed. The amniotic fluid contained only uro- 
chloralic acid, 9.5 wg chloral hydrate equiva- 
lents per cc. The blood of this animal con- 
tained per cc: chloral hydrate 48 yg; trichloro- 
acetic acid 12.5 »g and trichloroethanol 3.5 pg. 
3) Rabbits, 5 kg weight, on 12th day of gesta- 
tion. This is the earliest time at which preg- 
nancy can safely be determined. The animal 
received 300 mg chloral hydrate as 10% solu- 
tion in oil rectally, after .one hour 100 mg as 
10% aqueous solution orally, and was killed 
one-half hour later. 

From 14 foetuses two specimens of pooled 
fluid were collected each from 7 foetuses. A 
blood sample was drawn before the killing and 
a urine sample was taken from the filled 
bladder. The amniotic fluid was obtained in 
small quantity and was of viscous consistency. 
Since the high protein content interfered with 
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the color reaction, the liquid was treated with 
Folin’s tungstic acid reagent and the tests 
carried out on the filtrate. 

The analytical results were: 


Sample I Sample IT 
Chloral hydrate 60 pug/ee 50 ug/ee 
Trichloroacetic acid 22.5 15 
Urochloralic acid (caleu- 44 35 


lated as chloral hydrate) 


Urine: Chloral hydrate and trichloroacetic acid 
negative; urochloralie acid: 560 png/ce. 

Blood: Trichloroethanol, 25 pg; trichloroacetic 
acid, 32.5 wg; chloral hydrate, 32.5 wg/ce. 


In view of the small quantities of amniotic 
fluid collectable in the third rabbit, the po- 
tential error in the figures given is considered 
to be large, and the results should be evaluated 
rather as qualitative than quantitative. 

It seems that at the time of gestation of the 
third rabbit, kidney function has set in and 
the transudative portion, containing the com- 
pounds circulating in the blood, is already 
mixed with urochloralic acid of urinary origin. 
At a later stage the urinary liquid replaces the 
reabsorbed transudate leading to a more 
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watery fluid containing urochloralic acid only. 


Summary. The results indicate that in the 
early stage of pregnancy chloral hydrate and 
its. metabolites pass from the blood into the 
amniotic fluid. However, urochloralic acid, 
which is the form by which chloral hydrate is 
excreted by the kidneys, was found also at a 
stage when the gestation had progressed to 
two-fifths. In later pregnancy only uro- 
chloralic acid was found, which indicates that 
in the later stages the amniotic fluid contains 
essentially the products of foetal renal excre- 
tion. 
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The involvement of the nervous system in 
the release of the ovulatory hormone (LH) 
has been demonstrated in several mammals. 
Electrical stimulation of the hypothalamus of 
the rabbit causes ovulation at levels that are 
ineffective when applied directly to the pitui- 
tary gland(1,2). Similarly other types of ex- 
periments on the rat have also indicated a 
neural component in ovulation(3). Recently 
Markee, Everett & Sawyer(4) have reviewed 
the data indicating the presence of a neural 


* Aided by a grant from the Purdue Research 
Foundation. 

t Fellow of the 
Present address: Research Division, 
Co., Chicago. 


National Science Foundation. 
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and neurohumoral link in the release of LH 
not only in the rabbit which ovulates follow- 
ing copulation but also in the rat, a non-spon- 
taneous ovulator. The presence of a 24-hour 
rhythm in the neural link was indicated by the 
ability of progesterone to advance ovulation by 
24 hours in the rat(5) and the ability of the 
barbiturates to delay ovulation by approxi- 
mately 24 hours(6,7). Nembutal is also effec- 
tive in preventing progesterone induced ovula- 
tion in rats(8). 

The present study was undertaken to clarify 
the role of the nervous system in ovulation in 
the domestic hen. Like the rat, the hen is 
a cyclic, spontaneous ovulator. However, the 
hen differs from the rat in that the ovulatory 
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rhythm of the former is typically asynchron- 
ous with regard to the 24-hr day. The succes- 
sive follicles of a clutch are ovulated progres- 
sively later each day until the clutch is ended 
by a terminal ovulation occurring around noon. 
In view of the findings in the rat it was deemed 
possible that a neurogenic factor is also pres- 
ent in ovulation in the hen. Recently we noted 
a failure on the part of Nembutal to block 
normal or progesterone-induced ovulation (9) 
indicating the possibility of a different mechan- 
ism in the bird. However, Fraps and Case 
(10) while confirming the above observations 
of Bastian and Zarrow(9) also reported pre- 
mature ovulation with certain barbiturates. 
These authors suggested the possibility that 
the ovulation was due to neural excitation fol- 
lowing administration of the barbiturates. 
Since the adrenolytic and parasympatholytic 
drugs have been used to great advantage in 
establishing neural control of ovulation in the 
rat and rabbit, the present study is concerned 
with the action of such drugs in the hen. 
Material and method. Adult laying hens of 
the White Leghorn strain were used in this 
study. The birds were kept in a laying battery 
under conditions of constant temperature and 
humidity and supplied with food and water 
ad libitum. Artificial lighting was maintained 
from 8 A.M. to 9.P.M. daily. The time of 
ovulation was determined by digital palpation 
through the cloacca and also by recording the 
time of oviposition for all the birds by an auto- 
matic recorder(11). Records of the time of 
oviposition were kept for several weeks prior 
to each experiment in order to determine the 
characteristic, clutch length for each bird. 
All experiments involved the C, or first egg 
of the clutch and only hens laying a sequence 
of 2 or more eggs separated by a single day 
of failure to ovulate were used. Since LH 
release occurs 4 to 10 hours prior to ovulation 
(12,13) and ovulation of the C, follicle occurs 
from 4 A.M. to 7 A.M.(14), all injections were 
started at 8 P.M. preceding the day of ex- 
pected ovulation. The atropine was dissolved 
in water at a concentration of 300 mg per ml 
and the adrenolytic drug, SKF-501,+ was dis- 
solved in a 50% mixture of propylene glycol 


{The authors are indebted to Dr. Fellows, from 
Smith, Kline & French, for the SKF-501. 
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TABLE I, Inhibition of Normal Ovulation in the 
Hen by Adrenolytic and Anticholinergic Agents. 


No. of No. of hens % 
hens Treatment ovulating blocked 
12, Saline control 10 Alef 
iy Atropine sulfate 5 71 
27 SKE-501 6 79 


and water at a concentration of 25 mg per ml. 

Results. In the first experiment, each of 20 
hens were injected hourly from 8 P.M. to 8 
A.M. with 150 mg of atropine sulfate. The 
drug was given intraperitoneally in a 0.5 
ml volume per injection and produced such 
symptoms as dropping of feathers, lowering 
of wings and panting. In some instances the 
birds appeared to be near death and the hourly 
injection was skipped. Three of the hens died 
and do not appear in the results. The SKF- 
501 was injected intramuscularly at a dosage 
of 10 mg per kg body weight. Each hen re- 
ceived an injection at 8 P.M. and a second at 
1 A.M. No deaths were recorded for this 
treatment. Both of the drugs blocked the 
expected ovulation (Table I). Atropine pro- 
duced a 71% block and SKF-501 a 79% 
block. Compared with the control birds that 
received only saline hourly for 12 hours, the 
inhibition by the 2 drugs is statistically sig- 
nificant. 

The second experiment was designed to 
study the effect of the two drugs on progester- 
one-induced ovulation. One mg of progester- 
one was injected intramuscularly at 4 P.M. on 
the last day of the clutch 7.e., on the evening 
of the day preceding the next expected ovula- 
tion. The first injection of atropine was made 
at 3:45 P.M. z.e., 15 minutes before the ovula- 
tion-inducing injection of progesterone and was 
continued hourly thereafter for 4 hours. The 
SKF-501 was injected intraperitoneally in a 
single dose of 10 mg per kg body weight at 
3:45 P.M. 


While progesterone alone caused 90% of the 
hens to ovulate, only 20% of the birds ovu- 
lated following treatment with atropine and 
progesterone and 56% of the birds ovulated 
following SKF-501 and progesterone (Table 
II). This represents an 80% block by atro- 
pine and a 44% block by SKF-501. In both 
instances the differences, when compared to 
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TABLE II. Inhibition of Progesterone-Induced 
Ovulation in the Hen by Adrenolytic and Anti- 
cholinergic Agents.* 


No. of No. of hens % 
hens Treatment ovulating ovulating 
10 Controls 9 90 
10 Atropine sulfate 2 20 
16 SKF-501 | 9 56 


* All 3 groups of hens used in this experiment re- 
ceived 1 mg of progesterone intramuscularly. 


the effect of progesterone alone, are statisti- 
cally significant. 

Discussion. The present results are con- 
sistent with the hypothesis established for the 
rat and the rabbit that a neural pathway is 
involved in the mechanism regulating ovulat- 
tion in the hen. Furthermore the action of 
atropine and SKF-501 would indicate that the 
neural pathway may have both an adrenergic 
and cholinergic link. The inhibition of both 
the normal and the progesterone induced ovu- 
lation by atropine and SKF-501 are identical 
with the results obtained in the rat(3) and the 
rabbit(15), and also indicate the presence of 
a neural factor in the mechanism that is con- 
cerned with ovulation in the hen. The present 
results however do not clarify the action of 
Nembutal with regard to its failure to prevent 
ovulation(9) and its ability to facilitate the 
process(10). Actual studies on the level of 
neural activity may be necessary before a 
definite explanation can be obtained. How- 
ever, in spite of the failure of Nembutal to 
interfere with ovulation, these results indi- 
cate that a neural link is present in ovulation 
in the bird. 


Motility in a Species of Non-Flagellated Bacteria. 
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Summary and conclusions. Both atropine 
and SKF-501 block the normal occurring 
ovulation and the progesterone-induced ovula- 
tion in the hen. It is suggested that a neural 
link must be present in the mechanism regu- 
lating ovulation in the hen. This link may be 
similar to that postulated for the rat and the 
rabbit. 
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Though there has been dispute concerning 
the role of flagella in bacterial motility, fla- 
gella have been found on most motile bacteria 
when examined under the electron microscope. 
Exceptions include members of the genera 
Beggiatoa and Thiothrix and of the order 


Myxobacteriales, in which creeping on a solid 
substrate has been described or in which 
flexible cell walls have been observed. In 
Fusobacterium girans, described in detail 
elsewhere (Macdonald)(1), motility which 
appears to be independent of flagella, creep- 
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HIG. 1. Electron micrograph of str 


WT-OZ, 3-day eulture on blood agar. . 
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Shadow east with 


chromium . X 24000. 


ing, and flexibility, has been observed in a 
fluid environment. 


Fusobacterium girans was originally de- 
scribed by Prevot(2) under the name Fuso- 
cillus girans. Five strains were described by 
Macdonald(1), who proposed the inclusion of 
these organisms in the genus Fusobacterium.* 
Examination of these same strains in respect 
to their motility forms the basis for the pres- 
ent report. All 5 strains appeared as tapered 
rods and filaments of various lengths. Motility 
was best seen from cultures in either sheep 
blood agar or ascitic fluid broth, both pre- 
pared with a veal heart infusion base. Organ- 
isms examined by darkfield microscopy ex- 
hibited 3 kinds of movement: (1) a sudden 
lashing around a fixed pole as if one end of 
the cell were fixed to the slide or coverslip, 
(2) flexing of the cell and (3) a gliding pro- 
gression through the suspending medium at 


* The strains were reported to grow either 


anaerobically or in an environment of low oxygen 


tension, but not under ordinary aerobic conditions. 
Prolonged cultivation (more than two years) has 
resulted in growth on blood agar plates incubated 
aerobically. Motility has not been found in such 
cultures. 


rates up to about 5 w per second. The latter 
type of movement was seen in only relatively 
short cells (up to about 10 » in length). 

Darkfield examinations failed to disclose 
evidence of flagella in any of the 5 strains. No 
turbulence in excess of normal Brownian 
movement was seen in particles lying in close 
proximity to cells exhibiting progression. Nor 
was there evidence of rotation around the long 
axis accompanying this type of motility. It 
appeared as a simple migration either forward 
or backward and was only rarely associated 
with slight movements of flexion. 

All 5 strains were examined under the elec- 
tron microscope. Cultures were chosen in 
which most of the cells exhibited motility 
(including gliding progression in the case of 
3 strains). Magnifications up to 24,000 were 
used and several hundred cells of each strain 
were examined. The resolution of the elec- 
tron microscope under the conditions of these 
experiments was approximately 40A. 

In no instance were flagella found in these 
examinations. The presence of a slime layer 
was suggested in some of the photomicro- 
graphs (e.g. Fig. 1). In preparations from the 
veal heart infusion broth containing an extract 
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FIG. 2. Electron micrograph of strain WT-OZ, 3-day culture in broth. Shadow cast with 
chromium, X 12400. 


of emulsified guinea pig kidney, particles fre- 
quently appeared adherent to the external 
surfaces of the cells as might occur if trapped 
in a slime layer (Fig. 2). Furthermore, India 
ink preparations counterstained with gentian 
violet disclosed ill-defined halos suggestive of 
a slime layer. 

Examination of cultures by phase contrast 
microscopy and by polarized light failed to 
reveal any additional information. A slime 
layer was not visualized by these technics. 

Lominski and Lendrum(3) reported the 
inhibition of motility in B. proteus and other 
organisms by the action of surface active 
agents. This effect was associated with loss of 
flagella attributed to either a selective lytic 
effect of the agents used or a failure of flagella 
‘to develop under conditions which did not 
favour motility. To test the effect of surface 
active agents on motility of Fusobacterium 
girans, 2 concentrations of each of 6 surface 
active agents were added to enriched veal 
heart infusion broth and the resultant media 
were inoculated with each of 5 strains of Fuso- 
bacterium girans. Four of the agents were ani- 
onic agents among those used by Lominski 
and Lendrum(3) and the dilutions used were 


in the range which was found by them to 
inhibit motility but not growth of several 
flagellated motile organisms (7.e., sodium cap- 
rylate 1:500, 1:1000; sodium oleate 1:200, 
1:400; sodium lauryl sulphate 1:2000, 1: 
4000; alkylated aryl sulphonate 1:2000, 
1:14000). The remaining two were ‘“Tween 
20? (42 105 100) “and “Tweens 807 «| Gio. 
1:100), non-ionic polyoxyethylene derivatives 
of sorbitan monolaurate and monooleate re- 
spectively. 

In five days growth occurred only in the 
media containing alkylated aryl sulphonate 
(1:14000) and both concentrations (1:10 and 
1:100) of “Tween 80”. Motility was found 
in 4 of 5 strains in the medium containing 
“Tween 80” (1:10) compared to two of five 
strains in a control medium containing no 
added surface active agent. Motility in 
“Tween 80” (1:100) and in alkylated aryl 
sulphonate (1:14000) was found in only one 
of 5 strains. The experiment was repeated 
using only “Tween 80” and the control me- 
dium. The result was a finding of motility 
in 4 of 5 strains using “Tween 80” (1:10), 
2 of 5 strains with “Tween 80” (1:100) and 
one of 5 strains in the control. The addition 
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of “Tween 80” to the medium thus had no 
deleterious effect on motility and in fact may 
have enhanced it slightly. “Tween 80” (1:10) 
appeared to have no effect on motility of 12- 
hour cultures of E. coli, S. paratyphi B, S. 
dysenteriae and Ser. marcescens. 

The influence of antiserum on motility was 
examined for 3 strains. Antisera prepared in 
rabbits for another purpose (Macdonald) (1), 
were used. Growth of each strain from a 3- 
day culture on blood agar was emulsified on 
a slide with homologous antiserum, covered 
with a coverslip and sealed with vaseline. Con- 
trol emulsions in normal serum from the same 
rabbits were similarly prepared. All prep- 
arations were incubated at 37°C for 30 
minutes and then examined by darkfield. The 
numbers of motile and non-motile cells in 10 
fields were counted (a total of approximately 
300 to 500 cells for each preparation). 

In the control preparations motility was 
found in about 40% of cells of strain B8-3, 
about 5% of cells of strain WT-OZ, and about 
2% of cells of strain MU-3. In emulsions 
prepared with antiserum, no motility was 
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found. 

Summary. Progressive gliding motility, 
lashing around a fixed pole, and flexion were 
found in five strains of Fusobacterium girans 
when examined in fluid suspensions by dark- 
field microscopy. Electron, phase contrast, 
and polarized light microscopy failed to reveal 
flagella on these organisms. The presence 
of a slime layer was indicated by electron 
microscopy, and by the use of India ink prep- 
arations. Motility apparently was not affec- 
ted by the addition to the medium of either 
“Tween 80” or alkylated aryl sulphonate. 
Motility was inhibited in the presence of spe- 
cific antiserum. No explanation is offered for 
the mechanism of motility in Fusobacterium 
girans. 


1. Macdonald, J. B., The Motile Non-Sporulating 
Anaerobic Rods of the Oral Cavity. University of 
Toronto Press, Toronto, 1953.. 

2. Prevot, A. R., C. R. Soc. Biol., 1940, v133, 246. 

3. Lominski, I. and Lendrum, A. C., J. Path. and 
Bact., 1942, v52, 421. 
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Hydrodextran: Preparation, and Study on Blood Level and Excretion Rate. 
(20678) 


Puitie F. TRYON AND WALTER L. BLoom. (Introduced by Arthur P. Richardson.) 


From the Research and Development Laboratories, Commercial Solvents Corp., and the 
Departments of Biochemistry and Medicine, Emory University. 


Native dextran is a long-chain glycosidic 
polymer of glucose produced by Leuconostoc 
fermentation of sucrose. For clinical use in 
blood-volume replacement, the native dextran 
is split by acid hydrolysis and then fraction- 
ated with methanol, to obtain shorter chain 
units in the range of 50-100,000 molecular 
weight. Each of these chains terminates in 
the hemiacetal group of the end-glucose unit. 
This reactive end-group is a possible source 
of destructive side reactions. of dextran in 
solution, as pointed out by Zief and Stevens. 
These authors report the preparation of a 
hydrodextran in which the terminal hemi- 
acetal groups are reduced to alcohol groups 


(4). 


We have prepared a similar hydrodextran 
by means of high-pressure catalytic hydro- 
genation of clinical-fraction dextran. With 
the resultant modification in the terminal 
group of the polymer chain, it seemed possible 
that the mechanism of excretion from the 
blood stream might be different. For the 
blood level studies a 6% solution of hydro- 
dextran, with 0.9% of sodium chloride, was 
prepared. In rabbits, and in man, it was 


TABLE T. 
Hydrogenation of Dextran, 12% Solution. 


Analysis Initial Final 


6.65 6.22 
114 1.0 


Viscosity, centistokes 
Glucose equivalent, mg % 
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TABLE II. Stability of Hydrodextran, 6% Solution. 


Specification Initial 25°C 40°C 60°C 
Hydrodextran, % 5.81 5.80 5.79 5.79 
Molecular wt, wt avg 78000 81000 86000 
Viscosity, centistokes 2.8 2.81 2.78 oe PKG 
Glucose equiv., mg % 2.1 2.2 2.5 3.0 
pH 6.7 6.5 6.5 6.5 
Buffer capacity, ml 0.01N NaOH/1 0.5 0.8 0.8 0.7 
Color, A.P.H.A. 15. 20. 20. 40. 

* The molecular wt of the lower 5-10% of total material was 15000, that of upper 5-10% 
was 350000. 


found that the blood level values progressively 
decreased in a pattern similar to that ob- 
served with dextran itself. No specific effect 
of the modified end-group was noted in these 
studies. 

Preparation of hydrodextran. The initial 
dextran was prepared by acid hydrolysis of 
native dextran, followed by fractional pre- 
cipitation with methanol to obtain material 
of 50-100,000 molecular weight. One hun- 
dred g of dextran was dissolved in 750 ml of 
water to give a 12% solution, and placed in 
an 1800-ml stainless steel rocking bomb to- 
gether with 20 g of Raney nickel catalyst. 
The bomb was placed under 1000 lb pressure 
of hydrogen, and maintained at 140°C for 2 
hours. The hydrogenated solution was fil- 
tered to remove the catalyst. As an indica- 
tion of the course of reaction, the viscosity 
and glucose equivalent were run on both the 
initial and final solution. The glucose equiva- 
lent, as a measure of terminal glucose units, 
was determined by the Somogyi method(2). 
The hydrodextran was precipitated from the 
hydrogenated solution by the addition of 1.5 
volumes of methanol. After standing over- 
night, the supernatant liquid was decanted 
and the solidified cake was dissolved by heat- 
ing on the steam bath with 0.4 volume of 
water, based on the volume of hydrogenated 
solution. From this concentrate, the hydro- 
dextran was reprecipitated as a fine, white 
powder by dropwise addition to 6 volumes of 
methanol, based on the volume used for the 
concentrate, with vigorous agitation. After 
partial settling, the supernatant liquid was de- 
canted and replaced with fresh methanol. This 
slurry was filtered, the product was washed in 
the funnel with additional methanol, and air- 
dried. The final drying was for 20 hours in 


a vacuum oven at I0 mm and 110°C. The 
yield was 90% on a weight basis. In a solu- 
tion of 6 g per 100 ml, the viscosity was 2.76 
centistokes, and the glucose equivalent was 
0.5 mg %. 

Preparation of hydrodextran, 6% sol. For 
studies on administration of hydrodextran, 
the material was made up as a 6% solution 
with 0.9% of sodium chloride. The solution 
was filtered through a bacterial filter, drawn 
into 500-ml plasma-type bottles, and auto- 
claved for one hour at 250°F for final steril- 
ization. A series of specification tests was 
run on this 6% solution, using the methods 
described for analysis of 6% dextran solu- 
tion(3). For a measure of stability, 3 of the 
bottles were stored at different temperatures, 
and the specification values were redetermined 
after a period of 6 months. The data indicate 
a relatively stable preparation. 

Excretion study in rabbits. For a prelim- 
inary study of the duration of plasma levels 


TABLE III. 
Duration of Plasma Hydrodextran in Rabbits. 


Plasma level, mg % 
2 


Time 1 
Control Be) 3.5 4.5 
Immediate 1332 1672 1540 
24 hr 285 339 346 
48 ” 84 115 76 
TABLE IV. 


Duration and Excretion of Hydrodextran in Man. 


Plasma leyel,mg %  Totalin urine, g 
9 


Time 1 2 al 2 
Control Pai 43, — — 
Immediate 723 723 — =o 

6 hr 284 303 16 17 
Oe? 260 250 efi 18 
24” 202 190 18 18 
Zou 133 108 18 18 
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of hydrodextran following intravenous admin- 
istration, three 1.75-kg male rabbits were 
- given 30 ml each of the 6% solution. The 
hydrodextran content of the plasma was de- 
termined by colorimetric assay of the alcohol 
precipitate, after digestion of the plasma 
sample with potassium hydroxide(1l). 
Excretion study in man. Uydrodextran in 
6% solution was administered intravenously 
to 2 subjects. Samples were taken to deter- 
mine the plasma hydrodextran concentration. 
The total urine was collected and analyzed 
to determine the cumulative excretion of 
hydrodextran. The samples were analyzed 
by the alcohol precipitation method referred 
to(1). The amount given was 500 ml of a 
6% solution, or 30 g of hydrodextran, in- 
jected over a 30-minute period. The picture 
observed was essentially the same as that 
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reported for dextran itself(1). 

Summary. Hydrodextran was prepared 
by high-pressure catalytic hydrogenation of 
dextran. The 6% solution prepared for in- 
travenous use was found to be essentially 
stable over a 6-month period of storage. The 
preliminary studies on blood level and urine 
excretion showed no specific effect from 
hydrogenation of the terminal groups of the 
dextran chain. 


1. Bloom, W. L., and Willcox, M. L., Proc. Soc. 
Exe. Brot. AND Mep., 1951, v76, 3. 

2. Somogyi, M., J. Biol. Chem., 1945, v160, 61. 

3. U. S. Military Medical Purchase Description, 
1-161-890, No. 2, November 27, 1951. 

4. Zief, M., and Stevens, J. R., J. Am. Chem. Soc., 
1952, v74, 2126. 
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Growth Promotion in Rats by Crude Concentrates of the Bifidus Factor.* 
(20679) 


Paut Gyorcy, Marta I. Metto,t F. E. Torres, AND L. A. BARNEsS. 


From the Department of Pediatrics, School of Medicine, University of Pennsylvania, Philadelphia. 


A growth-factor essential for a distinct 
strain of L. bifidus var. Penn is present in 
human milk and in particular in human colo- 
strum. In contrast, the activity of cow’s milk 
with regard to the same _ microbiological 
growth-factor is very low, on the average only 
1/40th that contained in human milk(1-3). 
This “Bifidus Factor” occurs in low and high 
molecular form and appears to be related 
chemically to the blood group polysaccharides 
(1-3). Hog mucin and meconium, as well as 
other sources of blood group polysaccharide, 
have shown high microbiological activity for 
L. bifidus var. Penn(1-3). The recognition 
of a specific, microbiologically active factor in 
human milk made it desirable to investigate 
its possible role in the nutrition of animals and 
men. In the present study, supplements of 
crude sources of the Bifidus Factor were added 


* Supported by a grant from Wyeth Laboratories, 
Division of American Home Products Corp. 

t On a Fellowship from the Oswaldo Cruz Insti- 
tute, Rio De Janeiro, Brazil. 


to special rations fed young rats and their 
effect on growth and utilization of food was 
observed. 

Material and methods. In the first and 
largest group of experiments a commercial in- 
fant formula was used,+ which in its com- 
position, at least in its content of total protein, 
fat and lactose, closely approximates that of 
human milk. The addition of concentrates of 
the Bifidus Factor should make this mixture 
even more similar to human milk. This dilute 
cow’s milk formula was fed to young weanling 
rats of the Sprague Dawley strain ad libitum. 
Quantity consumed and weight of rats was 
measured daily. Control animals received the 
unsupplemented formula. The various supple- 
ments used in the experiments were as follows: 

Exp. 1. Duration 8 weeks a) Charcoal elu- 
ate from human milk(4) with average micro- 
biological activity of 300 y per unit, 400 mg 


+S. M. A. liquid, Wyeth Laboratories. For use, 
contents of one can (13 oz.) was diluted with water 
to make 1 liter. 
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per 100 ml basal diet, b) Meconium-suspension 


(20%): 15 ml, equivalent to about 1000 Ay E 2 =e 2 Sx 


microbiological units of Bifidus Factor, in 100 
ml of basal diet, c) Hog mucin, granular (Wil- 
son), microbiological activity 300 y per unit, 
daily dose 50 mg per rat. Exp. 2. Duration 
10 weeks a) Hog mucin, 600 mg per 100 ml 
of the basal diet, b) Human colostrum, with 
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Gain/Cal. 
(100) 


* ma | re ‘ra | 
average microbiological activity 5 times higher Ri ey a) aS Sen Se Se 
than late human milk(2,3): 20 ml in 100 ml : 
basal diet, c) Meconium-suspension (20%): Qantas Se So ase oie 
15 ml in 100 ml basal diet, d) “Activated” = taleeaianl aylanaaleat ib oel aplanl weld 
chitin(5). Chitin, prepared from crabshells, § pce pact AH Sra NS ar 


was treated with HCl and methanol(5), 
microbiological activity about 300 y per unit, 
given in amount of 300 mg per 100 ml basal 
diet. Exp. 3. Duration 4 weeks a) Hog 
mucin, 400 mg per 100 ml of the basal diet, 
~b) Hog mucin, hydrolyzed with HCl, micro- 
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tained from L. difidus var. Penn(1-3), micro- 
biological activity reduced to about 20-30% 


Yates, F., Statistical Tables, London, 1938, p 


TABLE J. Effect of Bifidus Factor on Growth and Food Efficiency in Rats Fed Cow’s Milk Formula. 


Wh OlInam OAHiIAanA Connor 
of the original activity, given in equivalent a ae ieee aCe ‘a 
doses as untreated mucin, d) Hog mucin mixed 4 & 
with inactive (boiled) “Bifidus enzyme”, in [ees 2 ai = Z vo os co & é a < 2 = mo & 3 
the same amount as used for inactivation of a i ® 
hog mucin with active enzyme. In these last ~ <8 ° 
2 preparations, the lyophilized enzyme prepa- Fe SS SS ea 
ration containing about 25% protein was a Be > 
added to an equal amount of hog mucin. a z 
Measured weight gains were compared with = se = 
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4, the same dilute milk-formula was used as 3 a 
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FIG. 1. Weight curves of rats receiving milk eluate 
and mucin compared with controls. 


the vit. B Complex, including folic acid (10 y 
daily), biotin (1 y) and By. (0.1 y). The 
control group received 0.4% glucose added to 
the milk dilution, 4 experimental groups were 
supplemented with 0.4% of hog mucin, glu- 
curonolactone,|| galacturonic acid and pectin 
respectively. 

In a second series of experiments, the basal 
diet consisted of 30% alcohol-extracted peanut 
meal, 6% vitamin-free casein, 40% sucrose, 
20% lard and 4% salt mixture, with the usual 
vitamin supplements, except choline(7). This 
and similar rations were used for the produc- 
tion of fatty liver and hepatic cirrhosis. In 
this paper, only the growth-promoting effect 
of hog mucin is reported (Exp. 5). The re- 
sults obtained in this experiment were con- 
firmed in other similar experiments. 

Results. The experimental observations 
(Exp. 1-3) made on rats fed dilutions of cow’s 
milk as basal diet with or without supplement 
are summarized in Table I. The weight curves 
from Exp. 1 are charted in Fig. 1. The addi- 
tion of mucin, of charcoal eluates prepared 
from human milk and of human colostrum 
have proved to have growth promoting effect. 
They also improved the utilization of ingested 
calories and of protein consumed, and thus of 
food efficiency. In contrast, meconium and 
“activated chitin”, consisting chiefly of a- and 
B-methylglucosaminide(5) were found to be 
inactive. Acid hydrolysis of mucin deprived 
it of its growth promoting activity, whereas 


|| Kindly furnished by Corn Products, Inc. 
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enzymatic inactivation up to 70-80% left the 
nutritional benefit exerted by mucin unim- 
paired. 

The findings in Exp. 4 may be summarized 
as follows: Exp. 4. Average starting weight 
of rats in all 5 sub-groups 54.0 g. Weight- 
gain after 8 weeks in the experiment with 
glucose 41.5 + 2.0, mucin 67.2 + 3.3, glu- 
curonalactone 41.8 + 2.4, galacturonic acid 
47.8 + 3.1 and pectin 47.3 + 3.1. The 
greater increase in weight in the group receiv- 
ing mucin compared with all other control 
groups is highly significant (P <0.001). 

Even with the use of a high-protein alipo- 
tropic diet, consisting chiefly of peanut-meal, 
the growth promoting effect of hog mucin was 
clearly demonstrable over a prolonged experi- 
mental period (Table IT). 

Discussion. Human colostrum, eluates from 
human milk, and hog mucin, which all promote 
growth in rats under special experimental con- 
ditions, are characterized by high microbiolog- 
ical growth activity for L. bifidus var. Penn. 
On the other hand, ‘‘activated chitin” and 
meconium, both microbiologically active, were 
in comparable doses ineffective in animals. 
There are different possible explanations for 
this discrepancy: 

1. Microbiological activity may be less 
specific and could be inherent to a varying 
number of chemically similar compounds, act- 
ing perhaps as precursors for the real growth- 
factor. In contrast, growth effect in animals 
is exerted only by compounds containing the 
“true” Bifidus Factor. Thus, meconium and 
“activated chitin” would not belong in this 
category. 

2. Only high molecular forms of the Bifidus 
Factor(1-3) may influence, beneficially, 
growth in animals, probably through the inter- 
mediary of the intestinal flora. ‘Activated 
chitin” consists chiefly of low molecular com- 
pounds. Meconium may be ineffective, be- 
cause its high molecular, microbiologically 
active constituents are unavailable to the in- 
testinal flora of rats. - 

The growth effect in rats by colostrum, 
eluates from human milk, and hog mucin may 
not be due to the Bifidus Factor but to other, 
unidentified “contaminants”. The fact that 
acid-hydrolyzed mucin was inactive would 
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TABLE II. Effect of Hog Mucin on Weight-Gain in Rats Fed an Alipotropic Peanut Meal 
Ration for 200 Days. 


Starting wt, Food intake 
Exp. Days Animals g Finalwt,g P ag. daily,g 
Vv 200 Control 10 115.0 23:08 9292 321285 10.6 + 0.3 
Hog mucin, 25 mg/day 10 IbIG feet) sPeyse (0 gs) vIKhPSe Oy! 
50 mg/day 9 TS Aveo Seo OU tee Oueue sO) ae lOv/e=ton ee 


rather support the determining role of the 
Bifidus Factor. On the other hand, the un- 
impaired activity of enzymatically treated hog 
mucin with greatly reduced microbiological 
activity does not favor, although it does not 
exclude this conclusion. It is conceivable that 
some special high molecular compounds of 
hog mucin, not inactivated by the enzymatic 
process, are the growth promoting agents for 
rats. Rearrangement through transglucosida- 
tion in the intestine is equally possible. 

The results with hydrolyzed mucin, as well 
as those with small amount of mucin added to 
a high protein (peanut-meal) diet, and finally 
negative experiments(8) with substitution of 
mucin by equivalent quantity of protein (case- 
in) seem to eliminate the possibility that the 
effect of crude mucin in animals may be due 
to its protein content. Furthermore, the active 
eluates obtained from human milk were free 
from protein and contained mainly bifidus- 
active polysaccharides. 

The growth rate of the experimental ani- 
mals, even when fed active concentrates, has 
been subnormal, due to the low total protein 
content of the basal dilute milk ration. Addi- 
tion of vitamins, or of glucose, glucuronolac- 
tone, galacturonic acid, or pectin to the basal 
diet was without any effect on the growth rate, 
whereas hog mucin, polysaccharide fractions 
of human. milk or colostrum have shown dis- 
tinct growth promoting effect. Glucuronolac- 
tone(9-11) and other carbohydrates, such as 
chondroitin sulfuric acid(12-14) have been in 
the past credited to act under particular ex- 
perimental conditions as growth promoting fac- 
tors for chicks and rats. Chondroitinsulfuric 
acid is present in hog mucin(15). On the 
other hand, the fractions obtained from human 
milk are free from sulfur. Thus, at least for 
the fractions prepared from human milk, chon- 
droitin sulfuric acid is not the growth pro- 
moting constituent. 


Summary. Human colostrum, charcoal 


eluates prepared from human milk, and hog 
mucin, promoted growth in rats receiving a 
dilute cow’s milk formula as basal diet. Sup- 
plements of known vitamins or of glucose, 
glucuronolactone, galacturonic acid, and pectin 
were ineffective. Rats receiving an alipotropic 
ration, containing peanut-meal and casein as 
source of protein, have shown better weight 
gain after supplementation with small daily 
doses of hog mucin than the unsupplemented 
controls. The question was raised and dis- 
cussed whether these beneficial effects may be 
related to the Bifidus Factor activity of the 
supplements used. 
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Vitamin E Deficiency and Xanthine Oxidase in Rabbits.* 


(20680) 


Dan A. RICHERT AND W. W. WESTERFELD. 
From the Department of Biochemistry, State University of New York, Medical College, Syracuse. 


Dinning has reported(1) that vit. E- 
deficient rabbits have an unusually high con- 
centration of xanthine oxidase (XO) in the 
liver. This has been confirmed in the present 
study, and it has also been found that this 
increase occurs only in the liver and is not 
accompanied by any parallel change in the 
molybdenum concentration. The latter point 
is of interest because of the recently demon- 
strated(2) relationship between molybdenum 
and xanthine oxidase. 

Experimental. White male New Zealand 
rabbits, weighing approximately one kg, were 
separated into groups and fed various diets 
until muscular dystrophy appeared in the 
vit. E-deficient animals(3). The deficient 
and control rabbits were then sacrificed and 
analyzed. In the first experiment a large 
number of rabbit tissues were analvzed for 
xanthine oxidase in the presence and absence 
of methylene blue by the methods previously 
described(4). In the second experiment, only 
the liver was analyzed for xanthine oxidase 
in the presence of methylene blue, since the 
methylene blue procedure gave the most re- 
liable results; in addition, a large number of 
tissues were dried extensively at 80°, digested 
with sulfuric-nitric-perchloric acids, and ana- 
lyzed for molybdenum colorimetrically (5,6). 

The 15% casein diet described by Young 
and Dinning(7), and also used by Dinning(1) 
in his studies on liver xanthine oxidase during 
vit. E-deficiency, was used. Both experiments 
employed this diet with and without the ad- 
dition of 50 mg of mixed tocopherols per 100 
g diet. In the second experiment 2 additional 
diets containing 2 mg Mo (as NasMoOQ,) per 
kg diet were used, and a third vit. E-Mo-de- 
ficient diet, containing 24% casein and 30% 
sucrose, was also studied. Purina rabbit 
chow, containing 15% protein and 1.84 mg 


* This study was aided by a grant from the 
American Cancer Society upon recommendation of 
the Committee on Growth of the National Research 
Council. 


Mo per kg, was fed to another control group 
of rabbits in each experiment. 


Results. In the normal chow-fed rabbits 
no xanthine oxidase could be detected in the 
presence or absence of methylene blue in 
heart, lung, kidney, spleen, brain or skeletal 
muscle. Nor could xanthine oxidase be de- 
tected in these tissues during vit. E-deficiency 
in those rabbits which showed a marked ele- 
vation in lixer XO. Liver and small intestine 
from normaly chow-fed rabbits contained 
small amounts of this enzyme, which could be 
detected in the presence of methylene blue, 
but not regularly in its absence. 

The results obtained with liver and intes- 
tinal xanthine oxidases in the first experiment 
are shown in Table I. Although there was 
considerable variation in the magnitude of 
the increase in liver XO during vit. E-de- 
ficiency, there was no question of its occur- 
rence; 4 of the 7 deficient rabbits had liver 
XO values (as determined in the presence of 
methylene blue), between 20 and 50, and these 
far exceeded any of the control values. The 
diets had little or no effect on the low intes- 
tinal xanthine oxidase levels. 

The effect of vit. E-deficiency on the endo- 
genous respiration of a rabbit liver homo- 
genate is shown in Fig. 1. These curves are 
reminiscent of those previously published (8) 
for rat liver, and show that the endogenous 
oxygen uptake was low when the liver con- 
tained little XO (controls); the endogenous 
respiration increased with the elevated liver 
xanthine oxidase found in vit. E-deficiency. 
The effect of methylene blue on the deter- 
mination of xanthine oxidase in both normal 
and vit. E-deficient rabbit liver was similar 
to its effect in a variety of normal tissues 
(8-12), and was apparently unrelated to any 
effect that methylene blue might have on vit. 
E deficiency. 

Table II shows the results of the second 
experiment. Liver xanthine oxidase was again 
elevated on all vit. E-deficient diets; the pres- 
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TABLE I. Effect of Vitamin E Deficiency on Liver and Intestinal Xanthine Oxidase Activity 
in the Rabbit. 


Days Body wt, g No. of Liver XO* Intestine XO* 
on diet Start End rabbits —— +MB — +MB 
Chow 39 1130 2045 3 cise dO) Vis) Say 0, 4+0.7 
Purified diet 32 1086 1086 5 0 7+ 2.5 OR TI =E3.0 
with vit. E 
Purified diet 29 1001 851 ii 12+6.0 26+6.9 O° 72.9 
without vit. £ 


* Liver and intestine xanthine oxidase activities were determined in the presence and ab- 
sence of methylene blue, and have been recorded as net mm? O, per 20 min. per flask containing 


283 mg fresh tissue; mean + stand. errer. 


TABLE II. Effect of Dietary Vitamin E and Molybdenum on Xanthine Oxidase and Molyb- 
denum Concentrations in Rabbit Tissues. 


—— Diet ——_, Body wt, g ——— Mo content—y/g dry wt ——, 

S Si os 

(cP) n = oO ial r) © 
a} SH 5 Goel a ‘S n o a i a se 
oe eee hs ee ee a Sg BSE Eo ae 
See eee ee eae Mn a en Ur wees 
— a 33 1161 979 6 ae Ie RS a Oe O26 Vy, ON Oe 27, oaeree are 
+ — 37 1099 81265 5 eae Ns) leet tO Oe a Omer 
— + 28 1154 1012 6 /fs= OW UND oo Ik USS Shh ea als CS oa 
+ = 43 1089 1228 6 3+ 2.8 ROMO Ga 2 elo es Ones 
= =e 28 1095 1051 5 23 + 6.0 Otay LOR aye ee Le O mio bh omeeee 
Chow 40 1134 2470 6 ot 2.5 AU) 9 Ray UII) ele! easy = dO atsh: 62) 


* 24% casein diet; all others contained 15% casein; chow contained 15% 


protein. 


+ Xanthine oxidase activities were determined in the presence of methylene blue, and have 
been recorded as net mm* O, consumed per 20 min. per flask containing 283 mg fresh tissue; 


mean + stand. error. 


ence or absence of molydenum and the use of 
24% instead of 15% casein in the diets did 
not prevent this increase. Nor did the addi- 
tion of Mo to the diet influence the control 
level of liver xanthine oxidase or the appear- 
ance of the muscular dystrophy deficiency 
symptoms. Comparison of the magnitude of 
the increase obtained with different diets was 
not justified, because the change in liver XO 
has been reported(1) to occur late in the 
deficiency and the variability among rabbits 
within the deficient groups might be influ- 
enced by the severity of the deficiency at the 
time of sacrifice. It is possible that the puri- 
fied diet contained enough molybdenum, as 
an impurity, to meet the requirements of the 
rabbit. 


The molybdenum content of the rabbit 
tissues reflected the Mo content of the diet, 
and was not affected by the presence or ab- 
sence of vit. E or by the difference in protein 
content. Vit. E deficiency did not alter the 
molybdenum content of the liver or the dis- 
tribution of Mo in the other tissues, and there 


was no correlation between the xanthine oxi- 


0 20 40 MINUTES 80 100 
FIG. 1. The avg endogenous respiration (solid 
line) of liver homogenates from 6 vit. E-deficient 
(H-1) and 5 control (H-2) rabbits. Dash lines were 
obtained in presence of methylene blue (MB), 
dotted lines show effect of tipping in hypoxanthine 
substrate at the 40 min. point. Numerical values 
along the dotted lines are corresponding xanthine 
oxidase activities in net mm* O, per 20 min. per 

flask containing 283 mg fresh tissue. 
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dase activity of the liver and its molybdenum 
concentration. 


Summary. Vit. E-deficient rabbits with 
muscular dystrophy had elevated liver xan- 
thine oxidase activity. This increase was ob- 
served in the presence or absence of added 
dietary molybdenum, and with 15 or 24% 
casein in the diet. Low intestinal xanthine 
oxidase levels were not increased during vit. 
E deficiency. Xanthine oxidase was not de- 
tected in rabbit heart, lung, kidney, spleen, 
brain, or skeletal muscle normally or during 
vit. E deficiency. The molybdenum content of 
various rabbit tissues was influenced by the 
Mo content of the diet, but was not altered 
by the presence or absence of vit. E. 
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Effect of Whole Body X-Irradiation on Ascorbic Acid of [Rat Tissues.* 
(20681) 


H. L. Oster, A. L. KRETCHMAR, AND F. H. BETHELL. 


(Introduced by C. C. Sturgis.) 


From Atomic Energy Commission Biological Effects of Irradiation Laboratory, University of 
Michigan, Ann Arbor. 


Interest in the fate of ascorbic acid in ir- 
radiated tissues has been stimulated by several 
reports. It has been shown(1) that X-irradia- 
tion of ascorbic acid in aqueous solutions re- 
sults in a loss of from 1.7 to 2.4 » moles/1000 
r. This is the order of magnitude of the effect 
of X-irradiation on a number of organic com- 
pounds in dilute solution(2). The destruc- 
tion of ascorbic acid by X-irradiation, unlike 
thiamine and most organic compounds, is not 
inhibited by the presence of albumin and, in- 
deed, proceeds to the same extent in blood 
plasma as in aqueous solution. However, only 
slight destruction of ascorbic acid occurred in 
minced rat muscle exposed to 22,000 r in vitro 
(1). Favorable clinical reports on the use of 
ascorbic acid in the treatment of X-ray sick- 
ness led to the study of the effect of X-ray 


* This study carried out under Contract for 
U.S.A.E.C. at University of Michigan. 


therapy on the serum ascorbic acid of patients 
by Kretzschmar and Ellis(3). A reduction 
was noted during and after treatment. These 
workers also reported an immediate and sus- 


tained (12-30 days) reduction in plasma as- — 


corbic acid of rabbits which had received 1500 
ron one side of the body. Moreover, they 
found a reduction in muscle and kidney as- 
corbic acid in rats 1-48 hours after irradiation 
of these tissues. These reports indicate the 
possibility that cell ascorbic acid might be 
destroyed by the production of oxidizing radi- 
cals in cell water during X-irradiation(4). 
This type of immediate in vivo destruction has 
been reported by Skoog(5) to occur in the 
auxin of plants receiving from 600-2100 r. 
The prolonged effect on plasma ascorbic acid 
found by Kretzschmar and Ellis suggests that 
besides the possible primary oxidative destruc- 
tion, there are also secondary factors which 
influence the in vivo ascorbic acid levels after 
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X-irradiation. One of these factors might be 
reduction in food intake. In species not de- 
pendent upon dietary intake for ascorbic acid 
this factor should not be significant in rela- 
tively short term experiments. The report of 
Patt e¢ al.(6) on adrenal weight and choles- 
terol content after whole body irradiation has 
established that irradiation activates the pitui- 
tary-adrenal system. Pituitary-adrenal acti- 
vation might, therefore, be expected to be an- 
other factor in the alteration of in vivo ascorbic 
acid levels. Wexler et al.(7) have recently 
reported changes in adrenal ascorbic acid, after 
whole body irradiation, attributable to this 
factor. 

Our investigation was undertaken to extend 
the earlier work to whole body irradiation and 
to other tissues. Data will be presented which 
indicate that some oxidation of ascorbic acid 
may occur in irradiated rats of the Long-Evans 
strain. In rats of the Wistar strain, on the 
other hand, the principal changes are the result 
of activation of the pituitary-adrenal system. 

Procedures. Nineteen female Long-Evans 
(Rockland Farms) rats, body weight 138-208 
g, and 54 Wistar (Carworth Farms) rats, body 
weight 94-162 g, were used. They were given 
tap water and Rockland Rat Diet (complete) 
fed ad libitum. This diet was supplemented 
with fresh leaf lettuce twice weekly. During 
the 72 hour post-irradiation period of study, 
very little food was eaten by the irradiated 
animals. 


Exp. 1. Ascorbic acid was determined by 
the method of Roe and Kuether(8) in the 
adrenal gland, thymus, spleen, liver, kidney, 
thigh muscle, and whole blood. The animals 
were anesthetized with ether and were sacri- 
ficed by bleeding from the inferior vena cava. 
The blood was drawn into the required(9) 
amount of heparin (7.35 mg/ml) in saline 
solution. The tissues were then removed, 
dissected free of fat, weighed and placed into 
a pyrex homogenizer(10) with the required 
amount of 4% trichloroacetic acid (TCA), 
and carefully homogenized for one minute. 
Six liver homogenates made in this way con- 
tained an average of 15.8 mg ascorbic acid/100 
g liver. When the sediment, from a centri- 
fuged homogenate, was rehomogenized and the 
2 supernatant layers combined, the average 
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TABLE I. Tissue Ascorbic Acid Values for Con- 

trol Animals of Wistar (W) and Long-Evans 

(L-E) Strains. All values are expressed as mg 
per 100 g (tissue) or ml (blood). 


~——— Mean ascorbie acid value——, 


Organ L-E } W 
Adrenal 3005 23805 380 +20. * 
Thymus Ge) Set St Bia) © ey cll, 
Spleen. 338 + 3. 38 +1. 
Liver 19 + 2. 19 +41. 
Kidney 89+ 4 8.2--— 5 
Muscle 312 SE 8 2.2) =e Pall 
Blood 81+ .09 58+ .04 


* Stand. error of mean. 


TABLE II. Effect of Irradiation on Tissue Ascor- 
bie Acid of Long-Evans Strain Rats. (All values 
expressed as mg per 100 g (tissue) or ml (blood) ). 


Difference from control im- 


Organ mediately after irradiation 
Adrenal —70 +36 * 
Thymus — 4.00 + 4.2 

Spleen — 5.0 + 3.6 

Liver — 2.0 + 2.8 
Kidney + 424 8 
Muscle — 9+ 44 

Blood — 24+ 11 


* Stand. error of difference=Y (om,)* + (¢mz)?. 


ascorbic acid value was 17. The difference is 
within experimental error, indicating that there 
was no additional ascorbic acid obtained by 
rehomogenization. Furthermore, hydrolysis of 
the homogenate by 1 N acetic acid (steam 
cone for 45 minutes, in an H2S atmosphere) 
yielded no increment. It was therefore con- 
cluded that a single extraction was sufficient 
for the complete removal of ascorbic acid. 

Ten unirradiated rats of the Long-Evans 
strain were sacrificed and the ascorbic acid of 
the tissues analyzed as indicated. These data 
constituted the control values (Table 1). Sub- 
sequently 9 animals received 710 r whole body 
X-irradiation, and the same analyses were 
made immediately after irradiation. The ir- 
radiation factors were: 200 KV, 20-23 MA, 
1% mm Cu -+ 1 mm Al filters, 19.3-20.0 r.p.m., 
and 86 cm t.o.d. 

Exp. 2. <A total of 54 female Wistar rats 
were used. The procedure was the same as in 
Exp. 1 except that a control animal was sacri- 
ficed with each irradiated animal. Ten ir- 
radiated animals, with controls, were sacri- 
ficed immediately after irradiation. Of these, 
4 animals received 710 r, three 800 r, and three 
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HOURS POST IRRADIATION 
(C= PREIRRADIATION CONTROL) 
FIG. 1. Changes in tissue ascorbic acid of Wistar female rats after 1000 r whole body x-irrad- 
iation. Units of ordinates are chosen to represent one standard deviation of differences plotted, 
except in the case of the adrenal where each unit represents a quarter of a standard deviation. 


1000 r. Since there was no marked difference 
attributable to the change in dose, these ani- 
mals are considered together and all subse- 
quent groups received 1000 r. Two groups, 
each of 5 irradiated animals with 5 controls, 
were sacrificed 2 and 24 hours after irradiation, 
and 7 irradiated animals with 7 controls were 
sacrificed 72 hours after irradiation. 

The data of Exp. 1 are presented in Table 
II, and of Exp. 2 in Fig. 1. In each case the 
difference between irradiated and control ani- 
mals is presented. (K. Mather, quoted in 
(3)). 

Discussion. From Table II it can be seen 
that in Long-Evans rats irradiated at 710 r 
(approximately a mid-lethal dose) a statisti- 
cally significant decrease in the ascorbic acid 
content of the adrenals, muscle, and blood 
occurs immediately after irradiation. Less 
marked decreases occurred in the thymus, 
spleen, and liver. Our data for the Long- 
Evans rat, therefore, confirm the findings of 
Kretzschmar and Ellis(3), that the ascorbic 
acid of muscle and plasma is decreased imme- 
diately after irradiation, and show a marked 


decrease in adrenal ascorbic acid as well. That 
this immediate decrease in muscle and blood 
ascorbic acid is dependent upon the strain of 
the animal studied is suggested by the results 
of Exp. 2. The strain dependence of response 
to irradiation has been repeatedly emphasized. 

The data of Exp. 2 for the animals sacri- 
ficed immediately after irradiation are plotted 
(Fig. 1) as zero hour points although it re- 
quired about 50 minutes to deliver the dose. 
The earliest changes, in tissues other than the 
adrenal, as brought out in Fig. 1, are not 
individually statistically significant. However, 
consideration of the 4 tissues—thymus, spleen, 
liver, and kidney—together suggests a ten- 
dency for the earliest values in the irradiated 
animals to be higher than the controls. It is 
possible that this represents a synthesis of 
vitamin by injured cells as reported by Loof- 
bourow and his associates for various living 
tissues (rat, mouse, and chicken embryos and 
adult newt), subjected to lethal ultraviolet 
radiation, X-irradiation, mechanical and 
chemical injury(11-13). Of interest also, is 
the report of Richmond, Altman and Salomon 
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(14), that bone marrow and spleen homogen- 
ates from animals sacrificed immediately after 
irradiation exhibit an increased capacity for 
the synthesis of hemin and globin. 


The changes presented in Fig. 1, are prob- 
ably due to activation of the pituitary-adrenal 
system as a result of the ‘non-specific stress 
effect” of X-irradiation(6,7,15). It is par- 
ticularly to be noted that the changes in the 
liver and blood are the opposite of the change 
noted in the adrenals. Sayers et al.(16) have 
reported a rise in liver and plasma ascorbic 
acid with reduction of adrenal ascorbic acid 
caused by loss of 1.1 ml blood per 100 cm? 
of body surface. The finding of an adrenal 
ascorbic acid level below normal at 24 hours 
and a secondary more severe reduction at 72 
hours, we attribute to the severity of the ir- 
radiation which is at least 100 r above the 
dose required for about 90% mortality. A 
biphasic change of this type in the adrenal 
cholesterol has been reported(6) in rats re- 
ceiving 900 r whole body irradiation. 


The decrease in ascorbic acid of the muscle, 
thymus and spleen in Exp. 2, since it occurs 
after an initial increase, is probably not due 
to direct oxidation of the vitamin. The data 
indicate that the changes in ascorbic acid 
which occur in the tissues of rats of the Wistar 
strain are due to secondary physiologic fac- 
tors and not to primary oxidation. 

Summary. Evidence obtained from an ex- 
periment with rats of the Long-Evans strain 
suggests that mid-lethal whole body X-irradia- 
tion (710 r) may directly reduce tissue as- 
corbic acid. In rats of the Wistar strain, how- 
ever, except for the adrenal glands, a higher 
dose (1000 r) did not result in an immediate 
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reduction in tissue ascorbic acid but rather a 
tendency to increase was noted. In both 
strains, the effect of X-irradiation on the 
adrenal ascorbic acid could be ascribed to 
activation of the pituitary. In the Wistar 
strain animals, the changes in the ascorbic acid 
of the liver and blood could also be explained 
by this mechanism. 
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Action of Nicotinic Stimulant Agents on Rabbit Skeletal Muscle 


I. Nicotine and Acetylcholine. 


(20682) 


Raymonp L. CAHEN. 
From the Research Laboratories, Bristol-Myers Products Division, Hillside, N. J. 


Langley and Dickinson(1) preventing nico- 
tine tremors by section of the motor nerves 
in anesthetized mammals gave evidence of 
their central origin; this locus of action was 
confirmed by Amantea(2) and Galamini(3), 
who noted motor stimulation after cortical 
application of nicotine, and by Longo and 
Bovet(4), who recorded brain waves similar 
to grand mal seizures in curarized rabbits re- 
ceiving repeatedly high doses of nicotine. 
Nevertheless, the peripheral stimulant effect 
of nicotine(5,6) and acetylcholine(7) on 
mammalian skeletal muscle is also unequivo- 
cally established. 

Our recent observations of the blockade by 
various neuromuscular agents(8), and ether 
(9) of nicotine-induced tremors in unanes- 
thetized rabbits prompted a reinvestigation 
of the problem in unanesthetized unmedicated 
animals. 

Materials and methods. The rabbit was 
selected as the most suitable animal for study 
in the unanesthetized state. Eighteen male 
albino New Zealand rabbits, weighing be- 
tween 1.5 and 2.5 kg were used in 30 assays. 
One hindleg was denervated by section of 
the sciatic nerve, while the contralateral leg 
in the same animal was used as control. All 
animals were tested 30 minutes after denerva- 
tion. The survivors, however, were tested 
again 3, 5, 8, and 10 days after denervation. 
Both early and late tests were considered. 
For testing muscle tremors, the same pro- 
cedure as described by Longo and Bovet(10) 
was used, with the addition that independent 
movements of both hind legs were recorded 
simultaneously. For recording individual iso- 
tonic muscle contractions, rabbits were pre- 
pared as follows. The Achilles tendon was 
exposed, severed just proximal to the cal- 
caneum, and securely tied by a nylon thread 
to an isotonic muscle lever. The leg was 
immobilized by clamps holding a rod drilled 
through the lower part of the femur.* For 
experiments with ether the sectioned tibial 


nerve, exposed just below the knee, was stimu- 
lated by means of shielded electrodes. Stimu- 
lation was provided by an electronic square 
wave “Electrodyne” at a voltage of 200 and 
a frequency of 0.5 pulse per second. Nicotine 
tartrate, 0.5% aqueous solution, was injected 
at a dose of one mg/kg into the marginal ear 
vein. Acetylcholine (10 »g/kg) was injected 
by the same route 10 minutes after intraven- 
ous injection of 10 mg/kg atropine sulfate 
and 5 minutes after one mg/kg physostigmine 
salicylate. Ethyl ether (for anesthesia) was 
given by inhalation in anesthetic concentra- 
tions. 


Results. Effects of nicotine upon denerv- 
ated rabbit muscle. No significant difference 
was noted in the results whether experiments 
were conducted either immediately after or 
some days after the section of the nerve. 
When tremors induced by a small dose of 
nicotine in the denervated hindleg were com- 
pared with those recorded in the contralateral 
normal leg of the unanesthetized rabbit, a 
positive response was noted in both legs in 6 
out of 6 experiments; of these the amplitude 
and duration were either the same (3 cases) 
or greater in the denervated hindleg (Fig. 1). 
In 19 experiments, isotonic muscle contrac- 
tions induced by nicotine were compared in 
both hindlegs. In 14 animals the response 
was the same in both hind legs. In 4 the re- 
sponse was smaller in the denervated leg 
(Fig. 2), and in one it was even greater. A 
longer induction period was noted in the de- 
nervated leg than in the normal one. 


Effect of acetylcholine in the atropinized- 
eserinized rabbit. In 5 experiments, acetyl- 
choline induced contractions of about the 
same magnitude in the denervated and the 
normal contralateral leg muscle. 


Effects of ether on nerve muscle prepara- 
tion of the rabbit. Light anesthesia induced 


* We are indebted to Dr. Walter Riker for demon- 
stration of this method. 


NICOTINIC STIMULANT AGENTS ON SKELETAL MUSCLE 


FIG. 1. Comparative tremors induced by nicotine 
in acutely denervated hind leg (upper tracing) and 
contralateral normal leg (lower tracing) of an un- 


anesthetized rabbit. Time in 5 sec. N: Nicotine 
tartrate 1 mg/kg inj. into ear marginal vein. 


by ether inhalation caused a temporary ex- 
citation followed by a decrease of approxi- 
mately 80% in the response to sciatic stimula- 
tion. This effect was reversible and disap- 
peared gradually after removal of the anes- 
theticxe 

Discussion. Our data, which give evidence 
that in the unanesthetized rabbit nicotine in- 
duced tremors and muscle contractions are 
not prevented by acute or chronic section of 
the motor nerves, do not agree with the results 
obtained in anesthetized mammals by Langley 
and Dickinson(1) who state, “After section 
of the nerves which run to any part of the 
body, we have not seen either a movement or 
twitching take place in this part on injecting 
nicotin. . . . It will be remembered that in 
the frog nicotin has a slight peripheral action 
and thereby causes a faint fibrillar twitching 
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of the muscles.” Undoubtedly, their results 
were conditioned by the use of ether which 
was omitted in our experiments. It seems 
reasonable to suggest that ether may interfere 
with the effect of nicotine at the motor end- 
plate of the neuromuscular junction. This 
suggestion is in accord with earlier data which 
gives evidence of the neuromuscular blocking 
effect of ether, either alone in mammals 
(11,12), and in man(13), or in enhancing 
d-tubocurarine in animals(14-16), and in 
man(17). Such a mechanism for the action 
of ether would account for our earlier ob- 
servation of the ether blockade of nicotine in- 
duced tremors(9). Besides the central stimu- 
lant effect of nicotine, which was recently re- 
emphasized by Longo and Bovet (4), one must 
conclude that nicotine exerts a _ separate 
peripheral action. This fact should be con- 
sidered in the interpretation of the blockade 
of nicotine-induced tremors in screening anti- 
Parkinsonism drugs. 

Summary. In the unanesthetized rabbit, 
tremors of the hind legs and muscle contrac- 
tions of the gastrocnemius muscle induced by 
intravenous doses of nicotine tartrate or 
acetylcholine are not prevented by acute or 
chronic section of the sciatic nerve. It is 
concluded that nicotine exerts, in addition to 
a central action, a separate and distinct 


FIG. 2. Comparative isotonic muscle contractions 

induced by nicotine in acutely denervated gastroc- 

nemius (upper tracing) and contralateral normal 

muscle (lower tracing). N: Nicotine tartrate 1 
mg/kg inj. into ear marginal vein, 
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peripheral effect on mammalian striated 


muscle. 
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Relative Inability of Heparin to Prolong Clotting Time of Oxalated and 


Resin-Treated Blood and Plasma.*t 


(20683) 


Lucy SALOMON AND MARIO STEFANINI. 


From the Ziskind Laboratories, New England Center Hospital, and J. H. Pratt Diagnostic Clinic, 
and the Department of Medicine, Tufts College Medical School, Boston. 


In the course of studies on the anticoagu- 
lant activity of heparin it was noticed that 
this drug failed to prolong the clotting time 
of recalcified, oxalated or resin-treated blood 
and plasma. In view of the possible import- 
ance of this phenomenon as a source of error 
in the evaluation of the anticoagulant activity 
of heparin, it was decided to investigate the 
matter further. 

Materials and methods. A) Collection of 
blood and plasma in various anticoagulants. 
Blood was collected from healthy donors in 
Silicone-coated glass syringes through Arquad 
2-C+ coated needles. It was transferred to 


* Supported by grant-in-aid from the American 
Heart Assn. 

+ The authors wish to express their appreciation 
to Dr. Peter Bernfeld and to Mr. Mordecai Berko- 
witz, Cancer Research Unit, Tufts College Medical 
School, for repeating and confirming some of the 
results reported. 

t Dicoco-dimethyl-ammonium chloride; available 
from Armour Co., Chicago, Il. 


Silicone-coated test tubes and made incoagu- 
lable by the addition of one of the following 
reagents: (a) sodium or potassium oxalate, 
0.1 M; (b) sodium citrate, 0.2 M; (c) Se- 
questrene-Nas$ 1% in 0.7% NaCl, all in the 
volume of one ml to 9 ml of blood. In other 
experiments, whole blood was decalcified by 
passage through a column of cation-exchange 
resin (2.5 g of resin to 10 ml of blood) with 
the technic described by one of us(1). 
Dowex-50'!| and IR-1001 in the sodium cycle 
were used in this work. In all cases plasma 
was separated by centrifugation of the whole 
blood at 2000 rpm for 10 minutes. B) Addi- 
tion of heparin. Saline solution containing 
various amounts of heparin was added, in the 


§ Disodium ethylendiamine-tetracetate-dihydrate ; 
available from Alrose Chemical Co., Providence, 
Res: 

| Available from Dow Chemical Co., Midland, 
Mich. 

{| Available from Rohm and Haas Co., Philadelphia, 
Pa., 
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EFFEcT or ANTICOAGULANTS ON HEPARIN ACTIVITY 


TABLE I. Clotting Time of Recalcified Plasma, in Presence of Various Amounts of Heparin 
Sodium (Average Values of Several Experiments). [Plasma was obtained by centrifugation 
from blood made incoagulable by various technics. | 


Anticoagulant Sodium Sodium 
originallyused oxalate, citrate, Sequestrene- Native 
(final cone.) 01 M .02 M Nas, 0.1% Dowex-50 IR-100 plasma* 
Heparin, y/ml ‘ Clotting times (min.) — 
0 3.5 4 4.5 3 3.5 4 
1 3.5 14 12.5 3.5 4.5 15.5 
ay, + 26 29 3.5 4 26 
3 4 62 58 4 5.5 56 
5 5.5 ra) roa) 8.5 8.5 ra) 
10 a re) roa) 12 Eells _- 
20 12.5 -- —- 17 19 oo 
30 [oe) = Sex (o“e) (o/@) 


* No recaleifying agent added. 


volume of 0.1 ml for every 0.9 ml of blood 
or plasma. C) Determination of clotting 
time of recalcified blood and plasma. Blood 
or plasma made incoagulable by the technics 
described under A), with or without the ad- 
dition of heparin, were transferred to glass 
test tubes in water bath at 37°C and recalci- 
fied with 1/10 volume 0.2 M CaCle. The test 
tubes were then tilted every 30 seconds for 
10 minutes and every minute thereafter, until 
they could be inverted without escape of con- 
tent. D) Determination of prothrombin time 
was carried out by the one-stage method of 
Quick, using dehydrated human brain throm- 
boplastin. 

Results. Heparin and clotting time of recal- 
cified blood and plasma collected in various 
anticoagulants. Table I shows that as much 
as 5 y of heparin sodium per ml failed to 
prolong very significantly the clotting time 
after recalcification of plasma from blood 
made incoagulable by addition of sodium or 
potassium oxalate or by passage through 
cation-exchange resins. This result was in 
sharp contrast with that obtained with native, 
citrate or Sequestrene-Naz treated plasma. 
In the latter case, the clotting time after 
recalcification was normally retarded by the 
addition of heparin. The effect of oxalate and 
resins was not modified by changing the con- 
centration of CaCl. used to recalcify the 
mixture, although all clotting times were uni- 
formly delayed when the concentration of 
CaCl. was over 0.02 M in the final mixture. 
Essentially similar results were obtained when 
whole blood instead of plasma, dog and rabbit 


blood or plasma were used in similar experi- 
ments. 

Clotting time of recalcified plasma collected 
by various technics from patients receiving 
heparin. The phenomenon described was 
studied in plasma and blood collected from 
patients receiving intravenous heparin. Doses 
of one mg/kilo weight were being adminis- 
tered for therapeutic purposes. Blood was 
collected 10 minutes after the injection of the 
full dose of the drug (to allow maximum 
anticoagulant effect) and made incoagulable 
by any of the technics described in A). It 
was again noticed that, on recalcification, 
samples containing sodium oxalate or passed 
through cation-exchange resins would clot 


NA-OXALATE NA-OXALATE NA-OXALATE 
A .005 M .00O8 M .OlM .02M 
30 © 


NATIVE 


ine) 
_a 


CLOTTING TIME, minutes 
ro) 


art gael. ll. wane 
20 25 30 HEPARIN 
g/ml. 
FIG. 1. Relationship of heparin concentration to 
clotting time of native or recalcified plasma (made 
ineoagulable by addition of various concentrations 
of calcium oxalate). Plasma was recalcified with 
concentrations of CaCl, equimolecular to that of 
the sodium oxalate used as anticoagulant. 
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TABLE ITI. Prothrombin Times (One Stage) of 
Samples of Oxalated and Citrated Plasma in Pres- 
ence of Heparin (Avg 2 Exp.). 


1 i) 10 


Heparin sodium y/ml 0 


Anticoagulant 
in plasma Prothrombin time (see. ) 
13.0 145 19.0 25.4 


IS LADS) 


.01 M 
02M 12.5 13.5 


Sodium oxalate 
“ citrate 


much faster than samples collected in sodium 
citrate or Sequestrene-Nag. 

Quantitative aspects of the sodium oxalate- 
heparin antagonism. As indicated in Fig. 1, 
the anticoagulant activity of heparin became 
more pronounced as the concentration of 
sodium oxalate was decreased below the op- 
timum level. 

Prothrombin time of plasma from blood 
made incoagulable with various technics, in 
the presence of heparin. Blood was collected 
from healthy donors as described and made 
incoagulable by the addition of sodium citrate 
0.02 M or sodium oxalate 0.01 M. Various 
amounts of heparin were added and the pro- 
thrombin time determined by the one-stage 
method. <A similar trend was noticed for 
both citrated and oxalated plasmas (a behav- 
ior completely opposed to the conduct ob- 
served for whole blood and plasma clotting 
time), although the prothrombin time of the 
citrated sample was uniformly shorter (Table 
is 

Discussion. ‘The most significant finding 
of this work is that the anticoagulant activity 
of heparin was limited when the drug was 
added to blood or plasma which had been 
made incoagulable by decalcification with ad- 
dition of sodium oxalate or passage through 
cation-exchange resins. The phenomenon was 
consistently observed and clearly reproducible 
when sodium oxalate was the anticoagulant 
used. When cation-exchange resins were 
used, however, we often observed that ex- 
cellency of technic in venipuncture and the 
speed with which the blood was_ passed 
through the resin would change somewhat the 
values obtained; the anticoagulant effect of 
heparin becoming more pronounced if blood 
was collected with trauma to the tissue and 


was not promptly passed through the resin. 
The phenomenon was not related to changes 
in the pH of the plasma due to the various 
technics of decalcification, since direct meas- 
urements of the pH showed that this remained 
relatively constant. 

There is obviously a relationship between 
mechanism of decalcification and anticoagu- 
lant activity of heparin. The mechanism 
through which sodium oxalate causes inco- 
agulability of blood is apparently different 
from that of sodium citrate (and according 
to our experience, Sequestrene-Naz) (2,3). 
The heparin-resistance of oxalated blood (di- 
rectly proportional to the concentration of 
oxalate used) when compared to the heparin- 
sensitivity of citrated and Sequestrene-Nag 
treated blood could be related to the dif- 
ferent mechanism of decalcification of these 
anticoagulants. One wonders whether the 
presence of calcium, combined or free, is 
necessary to the anticoagulant activity of 
heparin, or whether oxalate can directly in- 
hibit the activity of the anticoagulant. 

Whatever the explanation of these findings, 
it should be emphasized that not cation- 
exchange resin or sodium oxalate treated but 
only native, sodium citrate or Sequestrene- 
Naz treated blood and plasma are suitable 
for studies of the anticoagulant activity of 
heparin in vitro. 

Summary. Plasma decalcified with sodium 
oxalate or passage through cation-exchange 
resins is relatively resistant to the anticoagu- 
lant effect of heparin on _ recalcification. 
Native plasma, and sodium citrate or Seques- 
trene-Naz: tested plasma react normally to 
heparin. The latter plasmas only should be 
used when testing the anticoagulant effect of 
heparin in vitro. 


1. Stefanini, M., Proc. Soc. Exp. Brox. AND MeEp., 
1948, v67, 22. 

2. Quick, A. J., and Stefanini, M., J. Gen. Physiol., 
1948, v32, 190. 

3. Stefanini, M., Salomon, L., Chatterjea, J. B., 
and Silverberg, J. H., Am. J. Clin. Path., 1952, v22, 
146. 
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From the Division of Nutrition, Departments of Biochemistry and Medicine, Vanderbilt 
University School of Medicine, Nashville, Tenn. 


The occurrence of renal lesions in guinea 
pigs given folic acid (pteroylglutamic acid, 
PGA) parenterally has been reported previ- 
ously from this laboratory(1). The present 
investigation was undertaken to study the pos- 
sibility that photolytic products of PGA(2,3) 
might have been present in the solutions of 
PGA used and have produced these renal 
lesions. In addition, it was planned to test the 
impression that vit. C enhanced the resistance 
of the guinea pig to this form of renal injury. 

Methods. The scorbutigenic diet and the 
experimental routine have been described(1). 
The two preparations of PGA used for injec- 
tions were prepared from crystalline PGA# as 
follows: 1) Crystalline PGA was recrystallized 
twice from hot water, dissolved in 0.2 M phos- 
phate buffer of pH 7.5 in a concentration of 8 
mg/ml and kept in the dark. This PGA was 
recrystallized a third time every other day 
during the course of the experiment. Analyses 
for diazotizable amine(4) revealed a concen- 
tration of less than 0.013 mg/ml (equivalent 
to 0.16% PABA) 2 days after the final re- 
crystallization. This solution will be referred 
to as recrystallized PGA. 2) A solution of 
PGA containing 8 mg/ml in the same buffer 
was exposed to sunlight in a clear glass bottle 
for several days before injections were begun 
and then kept in the dark. Diazotizable amine 
was present in this solution at a concentration 
of 12 mg % (1.5% as PABA). This prepara- 
tion will be called irradiated PGA. Following 
a 10-day conditioning period on the scorbuti- 
genic diet supplemented with 5 mg of ascorbic 
acid daily, the guinea pigs were divided into 
experimental groups receiving daily subcuta- 


* This work was supported by grants from the 
National Vitamin Foundation, and the U. S. Public 
Health Service. 

+ National Research Council Fellow. Present ad- 
dress: Naval Medical Research Institute, Bethesda, 
Md. 

t Supplied by Dr. T. H. Jukes of Lederle Labora- 
tories, Inc. 


neous injections into the abdominal wall of 1 
ml of a PGA preparation (8 mg PGA) or con- 
trol injections of 1 ml of the phosphate buffer. 
Half the animals in each group were given 2 
meg of ascorbic acid daily and this vitamin was 
withheld from the remainder. These guinea 
pigs weighed 350-450 g, and all but 3 were 
females. After 10 daily injections the surviv- 
ing animals were killed by a blow on the head, 
their kidneys removed, weighed, and sections 
fixed in Bouin’s fixative were stained with 
hematoxylin and eosin. 

Results. Gross pathological examination re- 
vealed changes suggestive of scurvy in only 
one of the animals fed the scorbutigenic diet 
without supplementary vit. C. Scarring and 
hematomata were present in the abdominal 
walls of the animals receiving PGA in either 
form. An apparent increase in size of the 
kidneys and mottling of the surface were fre- 
quently noted in both groups receiving PGA. 
The number of animals surviving for 10 days, 
their change in weight, the weight of their 
kidneys, and the,incidence of the microscopic: 
changes(1) previously reported are given in 
Table I. 

All of the animals receiving either recrystal- 
lized or irradiated PGA had microscopic renal 
lesions. The lesions produced by the ir- 
radiated PGA could not be differentiated from 
those produced by recrystallized PGA. No 
differences in the severity of the microscopic 
changes, weight changes or kidney weights 
could be attributed to the presence or absence 
of ascorbic acid in the diet. The animals re- 
ceiving either solution of PGA lost more 
weight than the control group (P <9.05) and 
their kidneys were heavier on both an absolute 
(P <.001) and relative basis (P <.01). The 


§ The assistance of Dr. James R. Dawson, De- 
partment of Pathology, University of Minnesota 
Medical School, and Dr. John Shapiro, Department 
of Pathology, Vanderbilt University School of 
Medicine, in the interpretation of these sections is 
eratefully acknowledged. 


480 RENAL Toxicity or PGA 
TABLE I. Comparison of Renal Effects in the Guinea Pig of Recrystallized and Irradiated PGA. 
Kidney wt 
Ascorbic No.of10-day % incidence Changein of 10-day Kidney wt of 
acid, survivors/No. microscopic body wt survivors, all animals 
mg/day in group renallesions inl0 days , %/body wt at death 
(g) (g) 
Controls 2 5/5 0 +1+18 89 + .04 2.62 + .15 
0 5/5 0 —3+ 8 1.01+.03 2.88 + .09 
Irradiated PGA, 2 8/10 100 —32+418 1.38 + .16 3.34 + .10 
8 mg/day 0 7/10 100 —29 +19 115 10 3.40 + .16 
Reerystallized PGA, 2 6/10 100 —22+12 129+ .13 3.62 + .19 
8 mg/day 0 6/10 100 —40+14 141+.14 3.52 + .18 


TABLE II. Effectiveness of Minimal Dosages of 
PGA in Production of Renal Lesions in the Guinea 


Pigs 
PGA, Renal lesions per 6-day wt 
mg/day No. of animals change, g 
3) 2/5 +15 +5 
1.0 1/5 +16 +7 
2.0 1/5 —2+8 


greater mortality noted in the group receiving 
the recrystallized PGA was not significant. 
An attempt was made to determine the 
minimal subcutaneous dose PGA_ which 
would produce these lesions. Groups of 5 
guinea pigs weighing 250-300 g received the 
scorbutigenic diet without added ascorbic acid 
and were each given 0.5, 1, or 2 mg of re- 
crystallized PGA subcutaneously daily for 6 
days and killed on the seventh day. Results 
are shown in Table II. Although 4 animals 
showed the renal lesions, they were not as pro- 
nounced as those noted in the previous experi- 
ment. The differences between the weight 
changes of the 3 groups were not significant. 
These findings indicate that the renal lesions 
appear regularly only when amounts of PGA 
greater than 2 mg per day for 6 days are 
administered, and that the lesions are observed 
regularly when the dose is 8 mg daily for 10 
days. The minimal effective dose in reversing 
the hydroxyphenyluria in the scorbutic tyro- 
sine-fed guinea pig lies between 2.0 and 5.0 
mg of PGA per day(5). These doses of PGA, 
approximately 8-20 mg per kg of body weight, 
correspond to the amounts effective in revers- 


ing the tyrosyluria of scorbutic infants(6) or 
in producing hypertension in rats(7). Similar 
renal lesions were observed in association with 
the latter effect(7), although no changes in 
kidney weight were found. Blood pressure 
measurements have not been made on guinea 
pigs treated with PGA. 


Summary. 1. The photolytic oxidation prod- 
ucts of PGA could not be implicated in the 
production in guinea pigs of renal lesions by 
large parenteral doses of PGA. 2. These 
lesions were uniformly produced in guinea 
pigs by the daily administration of 8 mg of 
PGA (20 mg of PGA/kg) for periods of 6-10 
days, and they occurred in occasional animals 
at a daily dosage of 2 mg (8 mg/kg). 3. 
Ascorbic acid did not appear to be a factor in 
the production of the lesions. 
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Effect of Phenylbutazone (3,5-dioxo-1, 2-diphenyl-4-n-butyl-pyrazolidin) 


on Renal Function. 
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From Veterans Administration Hospital, and Department of Medicine, Emory University 
School of Medicine, Atlanta, Ga. 


Phenylbutazone, a potent analgesic, anti- 
inflammatory agent, has had extensive use in 
patients with painful disorders of joints. Up 
to 20% of patients receiving this drug have 
been noted to develop edema, the actual num- 
ber apparently depending upon the vigor of 
scrutiny. It has been demonstrated that re- 
tention of salt and water with accompanying 
weight gain is an almost constant, immediate, 
and sustained effect which is not mediated 
through reduction in glomerular filtration rate 
(1,2). Only 2 of 18 patients carefully fol- 
lowed at this hospital failed to gain weight. 
That the effect is immediate can be demon- 
strated by a sharp reduction in urine output 
and an average weight gain of 2 lb during the 
first 24 hours of therapy. This continues 
daily for 5 or 6 days until the patient has 
gained an average of 10 to 16 lb. It is sus- 
tained until the drug is stopped, at which time 
a spontaneous diuresis with weight loss occurs. 
The present study was undertaken in an at- 
tempt to clarify further the mechanism of this 
salt and water retention. 

Materials and methods. The renal clear- 
ance of inulin (Cyy) and para-aminohippurate 
(Cpan) was determined in 8 patients before 
and after institution of Phenylbutazone thera- 
py. In 4 of these, maximum tubular excretion 
of para-aminohippurate (Tmpay) was also 
done. The patients were males 18 to 46 years 
of age who were admitted to the hospital for 
treatment of arthritis. Four of these patients 
had rheumatoid spondylitis; 3 had early mini- 
mal to moderate rheumatoid arthritis; and 1 
patient had gout. Phenylbutazone therapy 
consisted of 800 mg daily, orally, in 4 equal 
doses in all except 1 patient who received 1 g 
daily, intramuscularly. The clearances were 
done in the morning postabsorptive state fol- 
lowing liberal water ingestion to insure ade- 
quate urine flow. The clearance technics em- 
ployed were those used by Goldring and Chasis 
(3). Clearances were performed on the 3rd 


or 4th day of Phenylbutazone therapy since 
the peak of salt and water retention effect 
seemed to occur at this time. Six additional 
patients free of renal disease and receiving 
para-aminosalicylic.acid in doses of 12 g daily, 
orally, for pulmonary tuberculosis were selec- 
ted for study. Oral therapy was replaced by 
10 g of PASA intravenously, given over a 
period of 30 minutes at a recorded time each 
morning for 5 mornings. The intravenous 
route was chosen to assure complete absorption 
and to avoid the complications of nausea and 
vomiting which sometimes occur during oral 
therapy. At exactly 4 and 7 hours after the 
initiation of intravenous infusion, samples for 
the determination of PASA blood levels were 
drawn. Phenylbutazone, 1 g daily, intra- 
muscularly, was given on the evenings pre- 


TABLE I. Renal Clearances before and during 
Phenylbutazone Therapy. 


Inulin clearance, PAH clearance, TmPAH, 
e¢/min.* e¢/min.* mg/min.* 
Before During Before During Before During 
bee Asie SLAEG 595 347 
100+ 105 — 339 
8S. 147 145 782 501 
179 115 1354 427 
T. 123 117 945 321 
104 hk 782 299 
G. 132 88 591 533 
128 86 601 489 
100 = 510 — 
L. 143 102 907 496 — 
131 93 838 567 — 
150 103 — — 133 32 
D. 132 145 916 4.65 -- 
124 122 961 449 — 
127 132 — — 110 24 
F. 130 143 959 724 — — 
153 125 1108 605 — -— 
126 140 = = 137 68 
Sow 144 996 558 — = 
141 147 878 627 — — 
133 133 = —— 131 26 


* Not corrected for body surface area. 

+ Consecutive vertical figures for each patient 
represent consecutive 15 min, urine collection pe- 
riods. 
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ceding the 3rd, 4th, and 5th day of this 
regimen. PASA blood levels were determined 
by the Method of Marshall (4). 

Results. Table I summarizes the results of 
the renal clearances of inulin (Cyy) paraamino- 
hippurate (Cpan), and the maximum tubular 
excretion of PAH (Tmpay) in the 8 patients 
studied. There is no significant change in the 
glomerular filtration rate. However, it will 
be noted that there is a constant reduction of 
Cpan in all except 1 patient (G). This pa- 
tient is the only one of the group who had 
gouty arthritis. In the 4 patients in whom 
Tmpan was determined before and during 
Phenylbutazone administration, a marked and 
constant decrease of 50% or more is noted. 
All of these patients gained from 10 to 16 lb 
of weight during the first week of Phenylbuta- 
zone therapy. Only 2 developed actual edema. 
In S., this was manifested as morning puffiness 
of the face and periorbital swelling. F. T. 
developed swelling of the ankles toward the 
end of the day. | 

Chart I plots the fall in PASA blood levels 
from the fourth to seventh hours following 
intravenous injection of this drug. Table 
II tabulates a 2-day average for PASA 
blood levels before institution of Phenyl- 
butazone and a three-day average during 
Phenylbutazone administration in 6 patients. 
No real difference in the levels before and dur- 
ing Phenylbutazone is apparent. Due to the 
intravenous route of administration, levels are 
high and the fall rapid. The small differences 


MG % PARA-AMINOSALIC YLIC ACID BLOOD LEVELS 


---BEFORE BUTA 
—-DURING BUTA 


EACH LINE A COMPOSITE OF BLOOD LEVELS OF SIX PATIENTS 
io. — 


4 5 6 7 HRS 


CHART I. Effect of phenylbutazone on ‘‘para- 

aminosalicylie acid blood levels.’? Numbers 1 

through 5 refer to consecutive days of study. 
Phenylbutazone started on 3rd day. 


RENAL EFFECTS OF PHENYLBUTAZONE 


TABLE II. Para-aminosalicylic Acid Blood Levels 
before and during Phenylbutazone Rx. 


Before,t During,t 
Patient Hour* mg % mg % 
R. 4th 24.1 25.1 
7th 15.4 16.0 
G. 4th 25.8 24.8 
7th 15.5 18.2 
C. 4th 16.5 Tyo) 
7th 12s 12.1 
S. 4th 223.9 23.6 
Tth 14.7 15.9 
G: 4th 18.1 19.4 
7th 12.6 Biol 
M. 4th 2.8 25.8 
7th 12.2 15.8 


* Hours following PASA intravenously adminis- 
tered. 

+ Each figure a composite of 2 days blood levels. 

+ ” ” 9 ” ” 


9 ” ” 


noted are within the range of error of the 
method used. 

Discussion. The reduction of Cpayq by 
Phenylbutazone in the first 4 patients sug- 
gested that a reduction had been effected in 
renal plasma flow. However, a specific inhibi- 
tion of tubular excretory activity was quite 
possible and could not be excluded, except by 
extraction studies or quantitative excretory 
studies. 


It is believed that the marked reduction 
noted in Tmpay during Phenylbutazone ad- 
ministration confirms an inhibition of tubular 
excretory activity. The knowledge that an- 
other tubular depressant (Benemid) decreased. 
the secretions of both para-aminohippurate 
and para-aminosalicylic acid(5) led us to 
study the effect of Phenylbutazone on PASA 
excretion also. It is surprising that there was. 
no apparent inhibition of PASA excretion. It 
must be admitted that a 2-point curve of 4 and 
7 hours is not complete, yet Benemid effects 
are conclusive when so plotted. One might. 
speculate that the effect of Phenylbutazone on 
PAH excretion is not that of inhibition of a 
selective tubular transport mechanism. 

There is mounting evidence that the effect 
of Phenylbutazone is a more general one of 
depression of cellular metabolism. Kuzell re- 
ported that this drug inhibited oxygen con- 
sumption of rat cerebral tissue slices in direct 
proportion to its concentration(6). Werner 
reports a personal communication from Engle- 
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man that this drug inhibits transiently the 
accumulation of I**1(7). Certainly, cellular 
respiratory studies are in order, and renal 
oxygen uptake determinations before and dur- 
ing Phenylbutazone administration would be 
helpful. 

Excretory studies of other renal tubular sub- 
stances would be enlightening, especially of 
sodium. From clinical studies, it might be 
assumed that tubular reabsorption of sodium 
is increased. If so, this is indeed paradoxical 
since mercurial diuretics inhibit tubular excre- 
tion of PAH and decrease reabsorption of 
sodium. 

Conclusions. 1) Phenylbutazone causes re- 
tention of salt and water in approximately 
80% of patients receiving this drug with 
clinical edema becoming manifest in approxi- 
mately 10%. 2) Phenylbutazone markedly 
depresses renal tubular excretion of para- 
aminohippurate. 3) Excretion of para-amino- 
salicylic acid does not appear to be inhibited 
by this drug. 4) Further studies are needed 
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to clarify the relation, if any, between de- 


creased excretion of para-aminohippurate and 
the clinically observed increased reabsorption 
of sodium. 


The author wishes to express his appreciation for 
the technical assistance of Dr. Legh R. Scott and 
Miss Ann Payne. 
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Effect of Ethionine and Other Materials on Semliki Forest Virus Infection 


in the Mouse.* 


(20686 ) 


R. L. THompsont anp A. R. LAVENDER. 
From the Department of Microbiology, Indiana University Medical Center, Indianapolis. 


Semliki forest virus was isolated by Smith- 
burn and Haddow(1) from mosquitoes col- 
lected in Uganda. Although the virus has not 
been recovered from man, antibodies for it 
have been demonstrated in human serum 
specimens collected in Uganda and in India 
(2,3). In mice, the virus produces a fatal 
disease following inoculation by the intra- 
cerebral, subcutaneous, intramuscular or in- 
traperitoneal routes(1). Animals inoculated 
intracerebrally with the virus usually die 
within one week and within 2 weeks after in- 
traperitoneal inoculation. Paralysis of one 
or both posterior extremities usually consti- 


* This work was supported by a contract be- 
tween the Office of Naval Research, Department of 
the Navy, and Indiana University and by a grant 
from Burroughs-Wellcome & Co. 

+Now at Sterling-Winthrop Research Institute, 
Rensselaer, N. Y. 


tutes the first sign of infection but hyper- 
irritability and convulsions may occur. Ani- 
mals may recover from paralysis. 

Since the peripheral inoculation of mice 
with Semliki forest virus produces a disease 
involving the central nervous system, this 
virus provides a useful means for the investi- 
gation of materials which may alter resistance 
of the mouse to neurotropic viruses. The 
Semliki forest-mouse model has been used in 
a study involving a number of amino acids, 
purines, pyrimidines, and thiosemicarbazones. 
The most significant results were obtained 
with DL-ethionine and 5-phenoxythiouracils. 

Materials and methods. The strain of 
Semliki forest virus used in these experiments 
was obtained in 1951 from Dr. H. M. 
Powell of Lilly Research Laboratories who, 
in turn, had received it from Dr. Smithburn. 
Five intracerebral passages in mice have been 
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TABLE I. Effect of Ethionine and Other Materials on the Course of Semliki Forest Virus 
Infection in the Mouse. 
eT 


Proportion of inocu- 
lated mice suryiving 


—— Treatment ——_——_ infection 
Compound Dose* Route Days Treated Untreated 
Virus inoculated intracer. 
DL-et alo Diet —3 to 6 33/64 33/68 
DL-e 20-30 lee —1, 0 only 3/20 2/24 
Virus inoculated intraper. 
D-e 15 Diet —3 to 6 20/27 8/24 
L-e oli) iM i 19/30 8/24 
DL-e Als) % a 205/378 111/413 
DL-e ait) 24 x 13/20 8/20 
DL-e 5 uy -3 to 1 11/20 8/20 
DL-e ALS 2 0 to 2 7/19 8/20 
DL-e a3) ig ee 11/19 8/20 
DL-e 20-30 Ps —2 only 3/10 3/10 
DL-e 20-30 a Seeut 26/39 13/40 
DL-e 20-30 se Ome 22/39 14/40 
DL-e 20-30 4 ile 7/29 9/29 
Di+e 20-30 a; Dre 5/20 7/20 
DL-mt 1.0 Diet -—3 to 6 20/59 16/59 
DL-e 15 j me 27/56 16/59 
DL-m and DL-e 1.0 and .15 a ee 22/60. 16/59 
Dichlorophenoxy thiouracil 75 : 2 16/40 8/55 
Adenine sulfate 03 a 23 8/15 8/17 
Benzimidazole ol Hy 2 3/16 7/16 
Purine derivatives$ .02-.1 ee ¥ 23/115 57/130 
Thiosemicarbazones|| .03-.08 ; 5 TPs ea 18/69 17/66 
Atabrine hydrochloride 05 Diet —2' to 6 7/22 14/26 
Antibiotie M5-8450 Bel 22, —3 to 6 9/10 4/10 


* Materials administered in diet are listed in terms of concentration (%) and those given 


intraperitoneally (1.P.) in mg/dose. 
+ Ethionine. 
t Methionine. 
§ Purine derivatives: 
2-amino-6,8-dimercapto, 


2,6-diamino, 


6-mercapto, 
6-hydroxy-8-mercapto, 


2-mercapto-6-amino, 2,6,8-dithiohydroxy, 
1,3-dimethyl-2,6-dimercapto, 6-decylamino, 6- 


methyl, and 2,6-diamino-8-azapurine; 2-thioxanthine, 8-azaxanthine and thioguanine. 


|| Thiosemicarbazones: 
and o-methoxybenzaldehyde. 


made in this -laboratory. Pooled infected 
brain tissues from the last 2 transfers served 
as the inoculum for experiments to be re- 
ported. In most experiments, mice were in- 
jected intraperitoneally with 0.1 ml of a 10° 
dilution of infected brain tissue prepared in 
Locke’s solution containing 5% normal rabbit 
serum. This inoculum contained approxi- 
mately 600 intracerebral LDso doses of virus. 
In a few experiments, mice were inoculated 
intracerebrally with 0.03 ml of a 10° dilution 
of infected tissue. This inoculuum contained 
approximately 18 intracerebral LD; doses of 
virus. Inoculated animals were observed for 
16-20 days. Materials to be administered in 
the diet were ground in a mortar and mixed in 
the basal casein-sucrose diet(4) to give the 


isatin, cinchoninaldehyde, 5-bromo-2-thenaldehyde, benzaldehyde 


desired concentrations. Substances to be in- 
jected intraperitoneally were dissolved or sus- 
pended in sterile distilled water, the pH ad- 
justed: to approximately 7.0, and the desired 
quantity of compound injected in a volume 
of 0.5-0.8 ml. 

Results. When Semliki forest virus was 
inoculated intracerebrally into mice, DL- 
ethionine failed to protect animals (Table I). 
When the virus was injected intraperitoneally, 
however, treatment with ethionine was ob- 
served to reduce the fatality rate. In 31 ex- 
periments in which DL-ethionine was fed in 
the diet in a concentration of 0.15%, 205 of 
378 treated mice (54%) survived as com- 
pared to 111 of 413 (27%) in the correspond- 
ing untreated groups. Both the D- and L- 
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forms of ethionine protected mice against the 
virus. When DL-ethionine was administered 
intraperitoneally in a single dose of 20-30 mg, 
either on the day preceding or within 1-2 
hours after viral inoculation, the survival rate 
of mice was increased. Protection was not 
obtained when the compound was injected 
either 2 days before or one or 2 days after 
initiation of infection. 

Ethionine treated mice which survived in- 
fection by Semliki forest virus usually were 
found to have developed immunity against the 
virus. All of 15 survivors treated with a 
single intraperitoneal injection of ethionine 
within 2 hours after viral inoculation were 
found to be completely resistant to the same 
dose of virus given by the same route 2 weeks 
later. Thirteen of 16 survivors treated with 
a single intraperitoneal injection of ethionine 
24 hours before viral inoculation survived a 
challenge dose of approximately 18 intracere- 
bral LD59 doses of virus given intracerbrally 
2 weeks later. 


Since ethionine is a structural analogue of 
methionine, experiments were carried out to 
determine whether methionine would coun- 
teract the protective action of ethionine when 
both materials were fed in the diet. The 
combined data from 6 experiments are pre- 
sented in Table I. In some experiments, the 
number of surviving mice fed a combination 
of methionine and ethionine was similar to 
that of untreated groups while in other ex- 
periments methionine appeared to have no 
effect. A concentration of 2% of methionine 
in the diet did not produce a result different 
from that obtained with 1%. Folic acid (10 
mg %) and vit. By, (0.005 mg %) in com- 
bination with ethionine or with ethionine and 
methionine or ethionine and homocysteine 
gave essentially the same results. DL-cystine 
(2%) was not observed to overcome the pro- 
tective action of ethionine. 

Dichlorophenoxy thiouracil (5-(2'4’-di- 
chlorophenoxy- 4 -hydroxy- 2 -mercaptopyrimi- 
dine) ) when fed in the diet in a concentration 
of 0.5-0.75% increased the number of sur- 
vivors (Table I). Similar results were ob- 
tained with 4’-bromo, 3'4’-dicholor and 3’4’- 
dimethyl derivatives of 5-phenoxy thiouracil. 
In 8 experiments with this group of com- 
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pounds, 26 of 64 treated mice survived in con- 
trast to 12 of 87 untreated controls. 

Antibiotic M5-8450} protected mice against 
Semliki forest virus. Treatment consisted of 
the intraperitoneal injection of ‘an arbitrary 
amount of the antibiotic for 3 days before and 
6 days after viral inoculation. 

The adenine antagonists, benzimidazole and. 
2,6-diaminopurine, tended to increase suscep- 
tibility of mice to Semliki forest virus. Other 
purine derivatives exhibited a similar effect. 
In 14 experiments with 13 purine derivatives, 
23 of 115 treated animals (20%) survived 
in contrast to 57 of 130 mice in untreated 
groups (43%). None of 5 thiosemicarba- 
zones tested altered susceptibility of mice to: 
the virus. 

Tests with other materials. Little or no 
influence on the course of Semliki forest viral 
infection in mice was observed as the result 
of feeding the following materials in the con- 
centrations listed: Acetyl (0.5%), alanyl 
(0.15%), benzoyl (0.2%), propionyl (0.5%), 
sulfone (0.5%), and sulfoxide (0.5%) deriva- 
tives of methionine; alpha amino butyric acid 
(1%), alpha hydroxy gamma methyl mer- 
capto butyric acid (0.2%), 5-methyl trypto- 
phane (0.09%), N-2-carboxy-ethyl-tyrosine 
(0.15%), p-chloro (0.5%), and -bromo- 
phenylalanine (0.5%),- beta  totylalanine 
(0.3%), beta-3-thienylalanine (0.1%), phen- 
ylserine (0.5%), aureomycin (0.1%), and 
chloromycetin (0.25%). 

Discussion. Ethionine has been reported 
to inhibit multiplication of mouse encephalo- 
myelitis, influenza (type A) and poliomye- 
litis (type 2) viruses in vitro(5-7). Methio- 
nine counteracted the inhibition of growth of 
influenza and poliomyelitis viruses produced 
by ethionine(6-7). Data have been presented 
which demonstrate that ethionine increases 
the survival rate of mice inoculated intraperi- 
toneally but not of animals inoculated intra- 
cerebrally with Semliki forest virus. The 
compound is effective either when fed in the 
diet or injected by the peritoneal route. 
Treatment of mice with ethionine is most 
effective when the compound is given within 


+ Obtained through the courtesy of Dr. H. M. 
Powell, Lilly Research Laboratories, Indianapolis, 


Ind. 
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24 hours preceding the inoculation of virus. 
Ethionine treated mice which survive Semliki 
forest viral infection usually are immune to 
the virus. Although supplementing an ethio- 
nine-containing diet with methionine appeared 
to reduce the protective capacity of ethionine 
in some experiments, the results obtained 
were variable and are not interpreted as a 
true reversal. 

Dichlorophenoxy thiouracil likewise was 
observed to increase the survival rate of mice 
inoculated with Semliki forest virus. Isatin 
thiosemicarbazone, however, was ineffective. 
Both of these compounds protect mice against 
vaccinia virus(4,8). Antibiotic M5-8450 and 
the closely related or identical compound, 
Helenine, protect mice not only against Sem- 
liki forest virus(9,10), but also against MM 
and Columbia SK strains of encephalomyelitis 
virus(9,11), and the MEF1 strain of polio- 
myelitis virus(12}. 2,6-Diaminopurine, which 
reduces the fatality rate of mice inoculated 
with Russian Far East encephalitis virus(13), 
increases the susceptibility of animals to Sem- 
liki forest virus. Although atabrine increases 
resistance of mice to equine encephalomyelitis 
virus(14), it exerts little or no influence on 
Semliki forest viral infection. With the ex- 
ception of dichlorophenoxy thiouracil(4), isa- 
tin thiosemicarbazone(8) and atabrine(14), 
none of the materials mentioned has been 
demonstrated to protect mice when the virus 
is inoculated by the cerebral route. 

Summary. 1. Feeding mice D-, L- or DL- 
ethionine in a casein-sucrose diet increases the 
survival rate of mice inoculated intraperi- 
toneally with Semliki forest virus. A single, 
large dose of DL-ethionine injected intraperi- 
toneally within 24 hours preceding viral in- 
oculation by the same route also increases the 
survival rate. Ethionine does not increase 
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the resistance of mice to Semliki forest virus 
when the virus is inoculated intracerebrally. 
Ethionine-treated mice which survive infec- 
tion usually are immune to the virus. 2. 
Methionine does not counteract the protective 
action of ethionine against Semliki forest viral 
infection in mice. 3. Dichlorophenoxy thiou- 
racil and closely related materials increase the 
survival rate of mice inoculated intraperi- 
toneally with Semliki forest virus. 4. Ben- 
zimidazole, 2,6-diaminopurine and _ other 
purine derivatives tend to decrease the resist- 
ance of mice to Semliki forest virus. 
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Copper, Molybendum and Zinc Interrelationships in Rats and Swine.* 
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Oak Ridge, and the Florida Agricultural Experiment Station. 


It is generally recognized that naturally oc- 
curring molybdenum in pasture plants of 
certain areas produces a severe disease of cattle 
and sheep which is apparently cured or pre- 
vented by supplemental copper. The literature 
on molybdenum in relation to the health of 
farm animals has been reviewed to 1944 by 
Russell(1) and the influence of molybdenum 
on the copper metabolism of animals has been 
reviewed to 1952 by Marston(2). Most of 
this experimental work has been done with 
rats, sheep and cattle. While chronic molyb- 
denum toxicity symptoms are similar to those 
of copper deficiency, there does not seem to be 
a simple stoichiometric relationship between 
the two elements, and the existence of other 
variables is indicated. The role of molyb- 
denum and copper in various flavin enzyme 
systems(3-5) may need to be considered in 
any explanation of toxic effects and antagon- 
isms. Of particular interest are the findings 
that under some conditions molybdenum 
causes a depletion in copper reserves, whereas 
under others, there occurs a tissue accumula- 
tion of copper coincidental with symptoms of 
copper deficiency(2). There has been some 
indication of a relationship between zinc and 
copper in that some of the effects of high 
dietary zinc in rats were overcome by copper 
supplementation(6,7). However, this rela- 
tionship has not been well established. This 
study shows the effects of high levels of molyb- 
denum, zinc and copper on the tissue storage 


* Published with the approval of the Directors of 
the Tenn. and Fla. Agric. Exp. Stations. Taken in 
part from a thesis submitted by R. Kulwich in 
partial fulfillment of degree of Doctor of Philosophy 
in the Graduate School of the University of Florida. 
The radioactive copper was obtained from the Oak 
Ridge National Laboratory on allocation from the 
U. S. Atomic Energy Commission. 

+ Oak Ridge Institute of Nuclear Studies Graduate 
Fellow. Present address, Bureau of Animal Industry, 
U. S. Department of Agriculture, Beltsville, Md. 


of these elements and also upon the distribu- 
tion of radioactive copper. Rats and swine 
were used, the latter because there is little or 
no information in regard to copper-molyb- 
denum relationships in this species. 

Methods. Weanling rats from a highly in- 
bred Wistar strain and 10-week-old Hampshire 
pigs were each lotted into 6 groups and main- 
tained on a basal ration to which copper, 
molybdenum, zinc or combinations were added 
at levels as indicated in Tables I and II. 
Molybdenum was supplied as sodium molyb- 
date, and copper and zinc as the sulfate. The 
swine basal ration consisted of 61.3% ground 
yellow corn, 30% soybean oil meal (solvent 
process), 7% alfalfa meal, 1% sodium chlo- 
ride and 0.7% calcium carbonate. It was 
found to contain by analysis 8.9, 2.1 and 39.2 
p.p.m. of copper, molybdenum and zinc re- 
spectively. One group of the rats received a 
ration identical to that fed the swine, and the 
second group received a synthetic ration previ- 
ously described(8) to which the copper, molyb- 
denum and zinc supplements were added. The 
growth response and tissue analyses of the 
rats for the two groups were similar, and for 
brevity only results on the natural ration will 
be discussed. A third short term study with 
old and young rats involved administration of 
a molybdenum solution by stomach tube for 8 
consecutive days to determine the effect of 
such supplementation upon tissue uptake of 
radiocopper intramuscularly administered and 
these results are presented in the discussion. 

Swine were maintained for 27 weeks and 
rats for 14 weeks on the experimental rations. 
They were then dosed orally with radiocopper 
and placed in metabolism units for 24 hours 
previous to sacrifice for tissue distribution 
studies and tissue analyses(9-11). Each rat 
received 320 micrograms of labeled copper 
with an initial activity of about 100 micro- 
curies and the swine received 75-100 mg of 
copper as the chloride containing an initial 
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Cu, Mo, ZN INTERRELATIONS 


TABLE I. Effects of Dietary Levels upon Accumulation of Copper, Molybdenum and Zine in 
Rat Tissues and upon Uptake of Copper 64.* 


Basal + Basal + Basal + 
Basal 1000 p.p.m. 1000p.p.m. 200p.p.m. Basal + Basal + 
ration Mo Zn Cu MoandCu Znand Cu 

Wt gain, g/8 wk 115 38 105 119 40 107 
Copper (p.p.m. ) 

tee 14 48 13 17 415 13 

Kidney 20 152 21 21 131 24 
Molybdenum (p.p.m.) 

Liver 2.1 33 2.6 1.6 36 2.2 

Kidney 1.0 146 17, <i 57 <il 

Femur <i 19 iy il 19 1.8 
Zine (p.p.m.) 

Liver 65 101 100 77 127 al 

Kidney 97, 99 96 100 102 91 

Femur 149 120 Li 144 129 229 
Copper 64t : 

Blood 29 186 10 b) 36 7 

Liver 49 164 61 79 164 94 

Kidney 257 397 298 233 136 273 

Spleen 19 66 12 49 38 9 

Muscle 2.1 16.5 1.2 1.8 4.0 ey 

Skin 6.0 22.9 8.2 5.4 HBS 7/ 3.6 

Red bone marrow 395 650 86 125 158 151 


* Values represent averages of individual tissues from 3-5 animals except for kidneys which 
were pooled. Femurs calculated on fresh wt basis, all others on dry wt. 
+ Reported as % of ingested dose < 10%/g of fresh tissue corrected to body wt of 275 g. 


activity of 25 to 30 millicuries. Samples for 
radiocopper assay were prepared by wet-ash- 
ing in concentrated nitric acid and diluting to 
a volume of 10 ml(12). Samples with suffi- 
cient radioactivity were transferred to a 60 
mm Petri dish and counted directly with a 
thin mica end-window Geiger counter. With 
samples containing low levels of Cu 64, a one 
milliliter aliquot was pipetted into a tared 
stainless steel planchet and evaporated to dry- 
ness under an infra-red lamp. The dried sam- 
ples were then counted in a restricted atmos- 
phere proportional counter. Self-absorption 
corrections were applied as determined from an 
empirical self-absorption curve. Samples 
which were to be analyzed for total copper, 
molybdenum or zinc in addition to radioac- 
tivity measurements, were treated after radio- 
assay, according to the method of Lindner and 
Harley(13) to yield a completely oxidized 
sample suitable for the chemical determina- 
tions. The carbamate method(14) was used 
for copper determinations, using isoamyl alco- 
hol as the solvent. The thiocyanate-stannous 
chloride method, essentially as described by 
Perrin(15) was used for molybdenum deter- 
minations. Zinc was determined by the dithi- 


zone method(16). 

Results with rats. To conserve space only 
average values are given. While there was 
considerable variation between individuals, 
the differences observed were so large that 
there is little question as to significance. As 
noted in Table I, the addition of 200 p.p.m. of 
copper or 1000 p.p.m. of zinc had no apparent 
effect upon growth rate of the rats whereas the 
addition of 1000 p.p.m. of molybdenum re- 
sulted in a reduced growth rate. The supple- 
ment of 200 p.p.m. of copper did not alter the 
effects on growth of the high molybdenum in- 
take. When the rats were drenched daily with 
molybdenum the growth was also retarded and 
the effect was greater in weanlings than in 24- 
week-old animals. 

Analyses of livers, kidneys, and femurs of 
the rats indicated that supplementary zinc or 
copper resulted in little increase in the con- 
centration of copper, zinc or molybdenum in 
tissues after 14 weeks on the ration. How- 
ever, rats receiving supplementary molyb- 
denum either with or without copper showed 
appreciably higher copper concentrations in 
the liver and kidney, ranging from a 3-fold to 
a 30-fold increase. High dietary molybdenum 
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TABLE II. Effects of Dietary Levels upon Accumulation of Copper, Molybdenum and Zine in 
Swine Tissues and upon Uptake of Copper 64.* 


Basal + Basal + Basal + 
Basal 1000 p.p.m. 1000p.pm. 200p.pm. Basal + Basal + 
ration Mo Zn. Cu MoandCu ZnandCu 

Daily gain (1b) 1.1 95 1.0 98 96 1.0 
Feed/100 lb of gain (lb) 423 462 415 397 417 444 
Copper (p-p.m.) 

Liver 29 149 27 60 239 32 

Kidney 40 144 47 59 60 43 

Spleen 6.6 25 3.1 4.4 6.9 4.8 

Plasma 238 376 260 231 330 247 
Molybdenum (p.p.m.) 

Liver 5.0 67 5.6 4.6 32 5.0 

Kidney 4.4 75 3.7 3.2 25 4.9 

Spleen ill 21 9 4 8.8 5 

Femur shaft 1.9 32 2 1.5 22 teal 
Copper 64+ 

Blood 14 19 10 10 10 10 

Liver 66 U3 48 42 40 46 

Kidney 75 80 59 50 37 67 

Spleen 4.9 he Bel 2.3 2.9 2.9 

Muscle 2.4 2.2 1.3 2.1 1.5 1.2 

Skin 2.6 2.7 4.9 3.9 2.7 4.1 

Red bone marrow 1.2 3.4 1S 4 2.9 1.3 


* Values represent averages of individual tissues from 3 animals in each lot. Plasma calcu- 
lated as wg/100 ml, all other analytical results as parts per million on a dry matter basis. 

t Values reported as % of ingested dose < 10°/g fresh wt corrected to a body wt of 200 lb. 
The No. of animals per lot were as follows: 2, basal; 1, basal + Mo; 3, basal-+ Zn; 2, basal + 
Cu; 3, basal + Mo and Cu; 3, basal + Zn and Cu. 


was also found to increase the molybdenum 
content of the liver, kidney and femur. 

The high molybdenum rats on the purified 
rations, the individual values for which are 
omitted, showed a 3-fold increase in skin 
copper concentration at the basal copper level 
and an even greater, though less uniform in- 
crease at the high copper level. Skin samples 
were taken from the back without removing 
the hair. It is of interest that Hundley and 
Ing(17) reported a 4-fold increase in copper 
concentration of skin samples of pantothenic 
acid-deficient black rats which showed a gray- 
ing of the hair coat. These authors suggested 
that gray hair production in pantothenic acid 
deficiency may involve interference with cop- 
per utilization. Singer and Davis(18) re- 
ported graying of hair coat in piebald rats on 
a copper deficient ration which was corrected 
either by additional dietary copper or calcium 
pantothenate. These findings support the 
viewpoint that the high copper concentrations 
in skins of rats showing graying of the hair 
coat, after being fed rations deficient in panto- 
thenic acid but not in copper, may reflect the 


presence of physiologically unavailable copper. 
In the light of these findings it is plausible to 
assume that the high copper concentrations 
found in the skin and other tissues of rats 
maintained on high levels of dietary molyb- 
denum may also represent copper that is 
physiologically unavailable. 

Results obtained from the tissue distribution 
of radiocopper (Table I) provide further evi- 
dence of increased copper retention by animals 
fed supplementary molybdenum. At the basal 
copper level, uptake of copper 64 by blood, 
liver, kidney, spleen, muscle, skin and red bone 
marrow was increased in those rats receiving 
high levels of molybdenum, although there was 
considerable variability within groups. At 
200 p.p.m. dietary copper, the high molyb- 
denum groups showed increased radiocopper 
uptake by all tissues examined except kidney 
and spleen. The groups receiving the high 
level of dietary zinc at the basal copper level 
showed evidence of lowered blood and red bone 
marrow copper 64 accumulation, but this did 
not occur at the high level of copper intake. 

Drenching with molybdenum for 8 consecu- 
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tive days was likewise shown to increase the 
uptake of Cu 64 administered intramuscularly 
to 24-week-old rats. The blood showed a 3- 
fold increase; spleen, skin and liver showed 
smaller increases but the kidney value was 
lowered. A somewhat similar pattern was 
noted with weanling rats. Copper 64 uptake 
by the blood in the molybdenum groups was 
increased over 3 times that found in the con- 
trol group. The skin and liver showed a 
slight increase in Cu 64 uptake for the molyb- 
denum-drenched group, while kidney and 
spleen values were lower than those for con- 
trols. 

Results with pigs. Growth rate and feed 
consumption data for the various lots of swine 
(Table II) indicated that the addition of 200 
p._p.m. of copper or 1000 p.p.m. of molyb- 
denum or zinc to a natural ration did not re- 
sult in any marked growth retardation nor did 
it influence the feed utilization efficiency. Pigs 
fed 1000 p.p.m. of zinc in this experiment 
showed no ill effects although they received a 
lower level of zinc, on a dry matter basis, than 
did those in the experiments reported by Grim- 
mett ef al.(19), in which 1000 p.p.m. of zinc 
as the lactate was added to whole milk with 
pigs becoming lame and unthrifty within two 
months. Apparently zinc accumulation in the 
present experiment had not reached the toxic 
level. 

Histological examination of sections taken 
from the cerebrum, cerebellum, cervical cord, 
thoracic cord and lumbar cord of pigs from all 
lots showed no degenerative changes and were 
believed to represent normal tissues. Leg 
joints and muscles taken from the gluteal 
region showed no pathological change. 

Analytical data for copper, molybdenum and 
radiocopper are also presented in Table II. 
Ingestion of 200 p.p.m. of supplementary cop- 
per did not cause any increase in spleen or 
plasma copper levels when compared to the 
basal group, although kidney and liver values 
were somewhat higher. Supplementary zinc 
did not appear to affect copper accumulation 
in these tissues studied. Dietary supplementa- 
tion with molybdenum, on the other hand, ap- 
peared to markedly increase tissue copper ac- 
cumulation. 

At the basal copper level, pigs receiving 
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supplementary molybdenum showed a 5-fold 
increase in liver and about a 4-fold increase in 
spleen and kidney copper concentration. 
Plasma copper levels were elevated about 58%. 
An increase in tissue copper concentration by 
molybdenum supplementation was also found 
at the high copper level; there was a 4-fold in- 
crease in liver copper concentration and a 43% 
increase in plasma copper concentration ob- 
served in the control group. However, when 
high dietary copper levels were fed, supple- 
mentary molybdenum did not appear to ma- 
terially affect kidney or spleen copper concen- 
tration. 

Ingestion of 1000 p.p.m. of molybdenum re- 
sulted in high molybdenum values for liver, 
kidney, femur and spleen. Molybdenum con- 
centration in these tissues from groups receiv- 
ing supplementary copper in addition to 
molybdenum, however, were considerably 
lower than corresponding values for groups 
receiving only supplementary molybdenum. 
This indicates that the excess copper intake 
lowered the’ accumulation of dietary molyb- 
denum. Accumulation of molybdenum was 
apparently unaffected by the high zinc level. 

Unfortunately, copper 64 uptake data were 
obtained for only one pig of the lot receiving 
supplementary molybdenum at the basal cop- 
per level. The data for this animal indicated 
an increased concentration in liver, spleen and 
red bone marrow of pigs on the basal ration 
plus high molybdenum. At the high copper 
level, however, the lot receiving supplementary 
molybdenum showed a definite increase in 
copper 64 uptake only in the red bone marrow. 
High dietary level of zinc did not appear to 
have any appreciable effect upon the uptake 
of labeled copper. 

The increased tissue copper accumulation 
observed in swine fed high dietary molyb- 
denum levels is in agreement with the rat data 
and the results of Marston with rats who re- 
ported that supplementation with 1 mg of 
molybdenum daily resulted in increased copper 
accumulation. 

Summary and conclusions. Substantial in- 
creases in tissue copper concentrations and 
radiocopper accumulation resulted when a. 
level of 1000 p.p.m. of molybdenum as sodium 
molybdate was fed to rats and swine on a. 
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natural ration. This increase was especially 
pronounced in the kidneys and livers and is 
in accord with the hypothesis that excess cop- 
per, which is not physiologically effective, may 
be accumulated when a high level of molyb- 
denum is fed. A dietary level of 1000 p.p.m. 
of zinc did not appear to have any appreciable 
effect upon copper metabolism. Growth de- 
pression in rats produced by 1000 p.p.m. of 
added molybdenum to a natural or synthetic 
ration was not counteracted by the addition of 
200 p.p.m. dietary copper. Swine appeared 
to be more resistant to molybdenum toxicity 
than did rats. No degenerative changes were 
observed in the spinal cord, leg joints or 
muscle tissues of swine fed levels of 1000 
p.p.m. of molybdenum or 1000 p.p.m. zinc for 
a 7-month experimental period. With the 
criteria of these experiments it appears that 
dietary zinc was not involved in copper-molyb- 
denum imbalance. 
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Fat Storage of an Estrogen in Women Following Orally Administered 


tri-p-anisylchloroethylene. 


(20688 ) 


Cuartes R. THOMPSON AND HAro“tp W. WERNER. 
From the Research Laboratories, The Wm. S. Merrell Co., Cincinnati, Ohio 


It was reported that tri-p-anisylchloroethyl- 
ene (TACE*) administered orally to ovariec- 
tomized rats and monkeys produced estrogenic 
activity of long duration(1,2). This prolonged 
action following oral administration resulted 
from storage of estogenic material in the body 
fat and its slow release(1,2). Greenblatt and 
Brown(3) demonstrated estrogenic material 
in the body fat of human beings given TACE 


* Trademark of The Wm. S. Merrell Co. 


and none in that from patients receiving other 
synthetic and natural estrogens. Since fat 
storage of estrogen is of therapeutic signific- 
ance, further studies extending those of Green- 
blatt and Brown are reported. 

Methods. Fat biopsy specimenst obtained 


+ The writers are indebted to Drs. R. B. Green- 
blatt, Medical College of Georgia, Augusta, Ga.; 
K. J. Karnaky, Baylor College of Medicine; P. 
Abramson, Shreveport, La.; and Wm. Bickers, Rich- 
mond, Va., for obtaining the fat biopsy specimens. 
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TABLE I. Estrogenic Content of Fat Biopsy 
Specimens Obtained from 14 Women Administered 
TACE. 
Estrogenic 
content of 
Time from fat (mg % 
Dose/day No. days last dose TACE 
(mg ) treated to biopsy equivalent) 
48 i 22 hr 18 
192 il 15 0 

36 3 18 Trace 

48 7 12 38 

72 9 20 42 

72 14 1 49 

72 16 61 42 

24 104 5 50 

24 166 41h 58 

24 193 and 

48 103 i 15 .93 

48 it 3% 80 

96 27 4 4.41 

24 166 23 days .2-.4 

96 27 34 25 

60 10 15 50 

72 16 15 4 


from omental or subcutaneous tissues were 
immediately placed in a mixture of equal parts 
benzene and ethyl alcohol. The tissue, in the 
solvent, was macerated in a Waring Blender 
and the homogenate was filtered through 
cheese cloth. The residue and the cheese cloth 
were washed twice on a funnel with the sol- 
vent; the filtrates were combined and evapo- 
rated to drynes over a steam bath. The estro- 
genic content of the oily residue was estimated 
by the uterine weight method of Evans, Hines, 
Varney and Koch(4). The oily residue was 
administered subcutaneously to the mice either 
undiluted or diluted with olive oil. 

Results. Bioassay results are summarized 
in Table I. No estrogenic material or only 
trace amounts were present in the body fat 
of women who received oral TACE in doses of 
48 mg and 192 mg in one day or 36 mg daily 
for 3 days. Biopsy specimens obtained from 
patients given 48 or 72 mg of TACE per day 
for 7-16 days or 24 mg per day for 104 and 
166 days, contained estrogenic material equi- 
valent to 0.38-0.58 mg % TACE. Estrogen 
concentrations of the fat were somewhat 
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greater in 2 patients who received 48 mg for 
103 and 111 days. The fat from one patient 
given twice this daily dose (96 mg) for a 
shorter period (27 days) contained a consider- 
ably greater amount of estrogenic material 
(4.41 mg % TACE equivalent). From the 
fifteenth to the thirty-fourth day following 
TACE withdrawal significant amounts of es- 
trogenic material were recovered from the fat 
of 4 patients given various doses of TACE for 
10 to 166 days. This study suggests that the 
estrogenic content of fat is dependent upon 
both the size of the dose and the number of 
days of TACE administration. 


Clinically a single 30-day course of therapy 
with TACE has frequently controlled meno- 
pausal symptoms for prolonged periods(5) and 
there has been a low incidence of withdrawal 
bleeding(6). These observations can be re- 
lated to the fat storage of an estrogenic sub- 
stance which is slowly and uniformly released. 


Summary. The repeated oral administra- 
tion of TACE to human subjects results in 
storage of considerable amounts of estrogenic 
material in the body fat. This material re- 
mains in the fat for prolonged periods follow- 
ing cessation of TACE therapy. Results of 
studies in a limited number of cases suggest 
that both duration of therapy and the size of 
the doses are contributing factors governing 
the level of estrogenic material in the fat. 
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Comparative Effects of Chemotherapeutic Agents on Brown-Pearce Tumor 


and Normal Rabbit Testis in vitro.* 


(20689) 


THELMA J. FLINT, ErtcH HirscHBERG, AND MarcareT R. Murray, 
(Introduced by Alfred Gellhorn.) 


From the Departments of Surgery, Biochemistry, Medicine and Anatomy, Columbia University, 
College of Physicians and Surgeons, New York. 


Evidence has recently been cited(1) that 
the effectiveness of the guanine analog, 8-aza- 
guanine, as a tissue inhibitor is related to the 
rate at which the tissue is able to deaminate 
this compound to its completely inactive de- 
rivative 8-azaxanthine. Normal and neoplastic 
tissues with a high deaminase activity were 
shown not to be susceptible to 8-azaguanine, 
whereas tumors in which the deaminase ac- 
tivity was low were inhibited. Chromato- 
graphic tests of feeding fluids from human 
glioblastomas cultivated in vitro have indi- 
cated this further, these susceptible tumors 
being almost entirely lacking in deaminating 
capacity(2). By this method the feeding 
fluids from tissue cultures have provided a 
more sensitive test of deamination than tissue 
homogenates. Since the Brown-Pearce rabbit 
carcinoma is known to be susceptible to 8- 
azaguanine in vivo(3,4) and since homogen- 
ates of this tumor as well as of normal rabbit 
testis have a negligible deaminase activity(1), 
it seemed desirable to study the effect of this 
agent on these tissues in vitro. Chromato- 
graphic tests of the feeding fluids were made 
to determine the azaguanine-deaminating ca- 
pacity of the tissues. For comparison, the 
effects of the structural analogue 8-azaxan- 
thine, and of benzimidazole(5), and 1,4-dime- 
thanesulfonyloxybutane(6), an unrelated ali- 
phatic carcinostatic agent, were also investi- 
gated. 

Material and methods. The Brown-Pearce 
tumors used for culture were carried in the 
anterior chamber of the rabbit’s eye. They 
were grown in vitro by the Maximow double 
coverslip method using a feeding medium of 
3 parts human placental serum, 1 part beef 
serum ultrafiltrate and 1 part chick embryo 
extract. The tissue was cultured for one week 


* This investigation was supported by grants from 
the National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service. 


during which the feeding solution was changed 
3 times and the explants patched with chicken 
plasma once. At the end of this period the 
experimental solutions were added to the feed- 
ing media in the desired concentrations. For 
each test approximately 50 explants from 3 
different tumors were used. The testicular 
tissue used for cultivation was obtained from 
healthy 2-3-month-old rabbits. It was grown 
in vitro in the same manner as the tumor 
tissue and was cultured for one week before 
the addition of the desired agent. Approxi- 
mately 50 explants from 3 different rabbits 
were used for each test. A 0.1 M stock solu- 
tion of 8-azaguanine was prepared by heating 
the solid in one-third the final volume of 0.5 N 
NaOH until a clear solution was obtained. 
This was then adjusted to pH 8 with 1 N HCl 
and made up to volume. It was applied to the 
tumor cultures in final concentrations of 
0.0003 M, 0.0008 M, and 0.0016 M, and to 
the testis cultures in final concentrations of 
0.0008 M and 0.0016 M. A control solution 
containing only NaOH in the above concentra- 
tion was included in each experiment. The 
8-azaxanthine solution was prepared in the 
above manner and applied to the tumor in a 
final concentration of 0.0016 M. Benzimida- 
zole was prepared in a similar manner using 
0.1 N NaOH instead of 0.5 N NaOH and was 
employed in final concentrations of 0.0016 M 
and 0.005 M. An 0.1 M stock solution of 
1,4-dimethanesulfonyloxybutane was prepared 
by dissolving the solid in one-third the desired 
volume of propylene glycol and diluting to 
volume. This solution was applied to the 
tumor in final concentrations of 0.01 M, 0.005 
M and 0.0016 M. A control containing propy- 
lene glycol alone was used in this case. 


For permanent record and detailed study 
the cultures were fixed in Helly’s fluid and 
stained with Harris’ haematoxylin at the con- 
clusion of the experiments. For the chromato- 
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TABLE I. Effects of Chemotherapeutic Agents on Brown-Pearce Tumor and Normal Testicle 


In Vitro. 
eee eee — 


——.0016 M 8-Azaguanine—, 


Day of occurrence 
.005 M Benzimidazole 


Normal 
Effect Brown-Pearee tumor _ testicle Brown-Pearce tumor 

Increased cytoplasmic granulation 1-2 1-2 1-2 
Nuclear membrane more distinct — = ie 
Elongate cells clubbed — 1-2 2-3 
Clumping 1-2 — == 
Proliferation stopped 2-3 2-3 eS 
Binucleate or multinucleate cells formed ca. 2 —— ca. 5 

mostly binucleate multinucleate 
Migration slowed ca. 2 — 4-5 
Round-cell shrinkage, pyknosis 2-3 == blebbing 3-4 
Vacuolization ; — — ea. 9 
Nuclear disintegration ca. 3 3 oT. 
Cell disintegration 4-5 4-5 ca. 7 


Migration stopped 


5 5 9-10 


graphic tests the tumor or testicular tissue was 
grown in roller tubes. Each tube contained 5 
explants which were fed a medium consisting 
of 3 parts balanced saline, 3 parts human 
placental serum, 3 parts beef serum ultra- 
filtrate and 1 part chick embryo extract. The 
tissue was cultivated for one week after which 
8-azaguanine was added to the feeding fluid so 
as to produce a final concentration of 0.005 M. 
A control containing NaOH alone was used. 
Collection of the feeding fluids was made after 
24 hours. The determinations were made in 
the same manner as those of the human glio- 
blastomas(2). 

Results. The Brown-Pearce tumor pro- 
liferates fairly rapidly in vitro and is char- 
acterized by two types of cells—one of elon- 
gate fibrocytic appearance and the other round 
and of fairly uniform size. The cells are mono- 
nuclear for the most part and tend to grow in 
sheets from the explant. The morphological 
characteristics of this tumor in tissue culture 
have been more fully described by von Mollen- 
dorff(7) and by Favorite and Cheever(8). 

Of the 4 compounds under investigation, 2 
failed to exert any demonstrable effect on the 
Brown-Pearce tumor in vitro. 8-Azaxanthine, 
although applied to the tumor at a concentra- 
tion comparable to a consistently lethal level of 
8-azaguanine (0.0016 M), had no cytological 
or inhibitory effect during the 10-day exposure 
period. 1,4-Dimethanesulfonyloxybutane was 
inactive at concentrations of 0.01, 0.005, and 
0.0016 M. Table I summarizes the results 


obtained with the 2 active agents. 8-Azagua- 
nine in general caused the round cells to shrink 
and become more granular. The cells tended 
to stick in clumps instead of migrating in the 
normally diffuse manner. Inhibition of cell 
proliferation occurred, followed by an increase 
in binuclear forms, later by nuclear and cell 
disintegration and finally by total inhibition of 
cell migration. The rate at which these effects 
were exerted varied directly with ‘the concen- 
tration—the 0.0016 M solution was lethal in 
5 days and the 0.0008 in 10 days. The 0.0003 
M solution failed to cause a complete inhibi- 
tion of cell proliferation or migration within 
the 10-day test period. The number of bi- 
nucleate cells also seemed to be correlated with 
the concentration—the 0.0016 M producing 
the most and 0.0003 M the least. In contrast 
to the round cells of the tumor, the fibrocytic 
type of cell was not affected at any of these 
concentrations. 

Benzimidazole when applied in a 0.0016 M 
solution did not affect the tumor in any way, 
but at 0.005 M inhibited proliferation in 3 to 
4 days and migration in 10 days. This lethal 
effect was accompanied by a marked increase 
in the number of multinucleate cells. The 
cells also were shrunken and had more distinct 
nuclear membranes and a more granular and 
vacuolar cytoplasm than did the controls, and 
they also developed blebs or blisters. These 
changes were accompanied by nuclear and 
finally by cellular disintegration. Benzimida- 
zole also affected the fibrocytic type of cell, 
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causing it to become more blunt and rounded 
than normal. In general, however, this agent 
was significantly less inhibitory than 8-aza- 
guanine. 


Normal testicular tissue proliferates rapidly 
in vitro forming large colonies of fibroblast- 
like cells among which occasional round sperm- 
atogonial cells are found. When treated with 
8-azaguanine complete inhibition was ob- 
tained in 10 days with the 0.0008 M and in 5 
days with the 0.0016 M. In both cases, the 
cells became more granular and less elongate 
and branched than normal. The nucleus 
tended to round up and become more conspi- 
cuous. The nucleoli were more darkly staining 
than those of the controls. This was followed 
by nuclear and cell disintegration. Spermato- 
gonial cell formation was also completely in- 
hibited. 


The chromatographic determination of aza- 
guanine deaminase activity of the Brown- 
Pearce tumor and normal testicle demonstrated 
that a very large portion of the 8-azaguanine 
added in the feeding fluids (85-88%) re- 
mained unchanged after a 24-hour incubation 
period, indicating that the deaminase activity 
of these two 8-azaguanine-susceptible tissues 
was very low. 


Discussion. Two main points of interest 
emerge from these comparative experiments. 
The effectiveness of 8-azaguanine and the com- 
plete inactivity of 8-azaxanthine are entirely 
consistent with the pattern demonstrated in a 
variety of tumors in vivo(1) and in the human 
glioblastomas in vitro(2). The inhibitory 
effect of 8-azaguanine on tissue cultures of 
this tumor appears to be correlated with the 
inability of the tissue to deaminate the car- 
cinostatic agent to the inactive derivative, 8- 
azaxanthine. The negligible azaguanine deam- 
inase activity of both the tumor and normal 
testicle 7m vitro, demonstrated by paper chro- 
matography, reinforces this correlation. 


Tissue cultures of this rabbit tumor and of 
rabbit testis are much more susceptible to 8- 
azaguanine than those of the human glio- 
blastomas studied in earlier experiments(2) ; 
comparable effects were obtained at concentra- 
tions of 0.0008 M in the first two tissues and 
0.005 M in the latter. 
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A comparison of the effects of these 4 agents 
on the Brown-Pearce tumor in vivo and in 
vitro points up significant discrepancies, as 
well as similarities, between these biological 
systems. On the one hand, the action of 8- 
azaguanine and 8-azaxanthine on this tumor is 
the same in the anterior chamber of the eye 
and in tissue culture: the former is strongly 
inhibitory in both systems and the latter has 
no effect. On the other hand, there is a wide 
divergence between the results in vivo and 
in vitro in the experiments with the other two 
agents. Benzimidazole, which does not cause 
any appreciable inhibition of the Brown- 
Pearce tumor in anterior chamber transplants 
(9), inhibits the growth of this tumor in 
tissue culture; 1,4-dimethanesulfonyloxybu- 
tane, which has been shown to have an in- 
hibitory action im vivo(10), fails to affect the 
tumor in vitro in any way, even at levels 12 
times as great as the least effective concentra- 
tion of 8-azaguanine. These discrepancies in- 
vite speculation, but no established facts can 
be adduced at the present time to explain 
them. 

Summary. 1. The effects of 8-azaguanine, 
8-azaxanthine, benzimidazole, and 1,4-dime- 
thanesulfonyloxybutane on the Brown-Pearce 
tumor in vitro were investigated. 8-Azagua- 
nine proved lethal in 0.0016 M concentration 
in 5 days and in 0.0008 M concentration in 10 
days, and benzimidazole was lethal in 0.005 
M concentration in 10 days. 8-Azaxanthine 
and 1,4-dimethanesulfonyloxybutane proved 
ineffective in all concentrations used. 2. The 
comparative effects of 8-azaguanine on the 
Brown-Pearce tumor, which does not exhibit 
azaguanine deaminase activity, and on the 
normal rabbit testis, which also lacks this 
deaminase, were studied; and in both instances 
complete inhibition was obtained in the same 
time and at the same concentration. Paper 
chromatography tests on the feeding fluids of 
these 2 tissues also showed them to have 
negligible deaminase activity. 3. No reason 
is yet known for the disagreement, in the case 
of this rabbit tumor, between the results in 
vivo and those in vitro as regards inhibition by 
benzimidazole and by 1,4-dimethanesulfonyl- 
oxybutane (Haddow’s GT 41); for 8-azagua- 
nine, however, the results are consistent in 
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animal and tissue culture. 
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Effect of Aliphatic Oxime and Isatin Thiosemicarbazones on Vaccinia 


Infection in the Mouse and in the Rabbit.* 


(20690) 


R. L. THompson,! JEANETTE Davis, P. B. RussELL, AND G. H. HITCHINGs. 
From the Department of Microbiology, Indiana University Medical Center, Indianapolis Ind.. 
and Wellcome Research Laboratories, Tuckahoe, N. Y. 


Mice inoculated intracerebrally with vac- 
cinia virus and treated with certain thiosemi- 
carbazones containing either benzene or hetero- 
cyclic groups are protected against the virus 
(1-3). The concentrations of virus in the 
brains of mice treated with isatin thiosemi- 
carbazone (T.S.) and sacrificed 5 days after 
initiation of infection was found not to be sig- 
nificantly different from those present in un- 
treated animals(2). Further investigation of 
the mode of action of thiosemicarbazones in 
vaccinia infection has demonstrated 1) that 
serial passage of the virus in treated mice 
results in a gradual decrease in the amount of 
virus demonstrable in the brain; 2) that isatin 
T. S. fails to protect rabbits against vaccinia 
virus inoculated by the cerebral route; and 3) 
that aliphatic oxime derivatives of thiosemi- 
carbazone may possess the capacity to protect 
mice against vaccinia virus. Results obtained 
from these experiments will be presented in 
this report. 

Methods and materials. The International 
Health Board (IHD) and the Williamsport 


* This work was supported, in part, by a contract 
between the Office of Naval Research, Department 
of the Navy, and Indiana University. 

t Now at Sterling-Winthrop Research Institute, 
Rensselaer, N. Y. 


strains of virus were used(1,2). Infected 
mouse brain (IHD strain) or rabbit testicular 
tissue (Williamsport strain) was ground in a 
mortar and diluted with Locke’s solution con- 
taining 5% normal rabbit serum. Harlan 
Swiss female mice weighing from 15 to 20 g 
were anesthetized with nembutal and inocu- 
lated intracerebrally with appropriate viral 
dilutions. Rabbits weighing approximately 
2 kg, each, were inoculated either intracere- 
brally or intracisternally. Test materials were 
fed in a casein-sucrose diet or injected intra- 
peritoneally as a suspension in sterile distilled 
water. 

Results. Two experiments were caried out 
to determine the effect of serial passage of the 
Williamsport strain of virus in mice treated 
intraperitoneally with isatin T.S. (Table I). 
Animals were treated on the day of viral in- 
oculation and on 2 succeeding days and sacri- 
ficed on the 5th day. Brains were removed 
from 6 mice after each transfer; those found 
free of bacterial contaminants were pooled and 
appropriate dilutions prepared. Mice were in- 
oculated for transfer purposes and the viral 
content of the pool determined by duplicate 
intradermal titrations in 2 rabbits. 

In Exp. 1, mice were treated with 5 mg 
doses of the compound and passages were 
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TABLE I. Effect of Isatin Thiosemicarbazone on 
Concentration of Vaccinia Virus in the Brain of 
the Mouse. 


Cone. (log) of virus in brains of mice 
sacrificed 5 days after intracer. 
inoculation of virus 


Viste os Fa} 
Rabbit titration Mouse titration 


No. of Un- Un- 
Exp. passage Treated treated Treated treated 
Teas 1 5.1 5.8 
2 4.3 6.3 
3 3.4 6.5 
4 2.8 7.3 
2*6 a 5.5 
2 4.4 
3 3.8 
4 3.4 
5 2.1 
6 2.3 
if . 14 
3 t|| 1 <2.8 < 2:5 2.0 <1.5 
3.1 4.7 Ea 2.9 
4.3 5.3 2.7 2.3 
4.7 6.4 2.1 >41 
5.1 6.8 3.1 3.7 
6.1 6.8 >4.0 4,3 
Composite titer 4.3 5.2 2.4 3.4 


* Brains from 6 mice sacrificed at each passage 
were pooled before titration. Passages were made 
with 10-* dilution of brain tissues in Exp. 1 and 
107 in Exp. 2. 

+ Individual brains were titrated. 

¢t Williamsport strain; treatment 5 mg interper. 
0,1,2 d. 

§ Williamsport strain; treatment 2.5 mg intraper. 
0,1,2 d 
4 i IHD strain; treatment 2 mg intraper. 0,1,2 d. 


made with the 10° dilution. After 4 transfers, 
the viral titer had decreased 2.3 log units or 
an average of 0.77 log unit for each passage. 
In contrast, an increase in concentration of 
virus was observed in brains of untreated con- 
trol mice. In Exp. 2, a dose of 2.5 mg of 
thiosemicarbazone was used and transfers were 
made with the 10° dilution of infected tissues. 
After 7 passages, the titer had decreased 4.1 
log units or an average of 0.68 units for each 
transfer. 

Since the possibility existed that treatment 
of mice with isatin T.S. might reduce virulence 
of vaccinia virus for the mouse but not for the 
rabbit, a third experiment was carried out in 
which brains of treated and untreated mice 
were removed 5 days after viral inoculation 
and titrated individually in rabbits and in 
mice. The IHD strain of virus was used in 
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this experiment. The difference between the 
composite titers of. the brains of 6 treated mice 
was 1.9 log units less when titrated in mice 
than when titrated in rabbits (Table I). A 
comparable value of 1.8 log units was ob- 
tained for 6 brains from untreated mice. The 
titer of untreated mouse brains was 0.9 log 
unit higher than for brains of treated animals 
when the tissues were titrated in rabbits and 
1.0 unit higher when titrated in mice. 

Tests in rabbits. In previous experiments 
it was observed that rabbits treated with thio- 
semicarbazones were not protected against 
vaccinia virus injected into the skin(3). Tests 
were made to determine whether protection’ 
could be obtained by similar treatment if 
the virus were inoculated by cisternal or 
cerebral routes. It was found that protection 
was not obtained when isatin T.S. was ad- 
ministered intraperitoneally in 3 doses of ap- 
proximately 250 mg/kg, each, within 48 hours 
after viral inoculation. 

In contrast, the fatality rate of mice inocu- 
lated intracerebally with the same dilutions 
of the same strain of virus was reduced by 
about 40% by similar treatment with doses 
of approximately 90 mg/kg of isatin T.S. 

Aliphatic oxime thiosemicarbazones. Thio- 
semicarbazone derivatives of butanedione, 
containing oxime or methoxime groups, pro- 
tect mice against vaccinia virus (Table IT). 
The corresponding semicarbazones are inac- 
tive. When fed in a concentration of 0.1%, 
1 - phenylethane - 1,2 - dione - 2-oxime-1-T.S. 
slightly increased the number of survivors in 
one experiment (Williamsport strain). Pyru- 
vamide T.S. likewise exerts a protective action 
when fed in a strength of 0.2%. Other 
materials tested and found to produce little 
or no protection include acetyvlacetone di-T\S. 
(IU), octane - 2,3 - dione - 3 - oxime - 2 - T.S. 
(WRL),  cyclohexan-1,2-dione-phenylhydra- 
zone T.S. (WRL) and _ butane-2,3-dione-2- 
oxime-3-S-methyl thiosemicarbazone (WRL). 
When injected intraperitoneally in doses of 
0.3 mg on 0, 1 and 2 days after viral inocu- 
lation, butane-2,3-dione-2-methoxime-3-T.S. 
increased the number of survivors (excess of 
4). This compound as well as butane-2,3- 
dioneoxime T.S., 1-phenylethane-1,2-dione- 
2-oxime-1-T.S. and acetonylacetone di-T\S., 
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TABLE II. Effect of Aliphatic Oxime Thiosemicarbazones and Related Materials on Vaccinal 
Infection in the Mouse (IHD Strain). 


aaa) 


Excess of 
Proportion of mice sur- survivors 
Cone. in viying infectiont in treated 
Source* Compound diet (%) Treated Untreated groups 
HKC Butane-2,3-dione oxime T.S. “ib 28/35 6/35 AL Ese 
WRL Butane-2,3-dione oxime semicarba- zl 4/17 4/18 0 
zone 
ef Butane-2,3-dione, 2-methoxime, .015 32/36 13/36 Ot 
3-T.8. 03 34/54 7/53 9t 
2 Butane-2,3-dione, 2-methoxime, wk 5/18 4/18 1 
3-semicarbazone 
Propane-1,2-dione,l-oxime, 2-T.S. ail 9/18 5/18 4 
Hs Octane-2,3-dione, 3-oxime, 2-T\S. 16 0/18 5/18 —5 
28 1-Phenylpropane-1,2-dione-2-oxime- 16 9/18 4/17 5 
1-T.S. 
ue 1-Phenylpropane-1,2-dione-2-meth- 06 8/16 4/18 4 
oxime-1-T.S. 
IU Ethyl pyruvate T.S. 2 6/18 4/18 2 
Pyruvamide T.S. 2 10/16 4/18 6 
ag Acetylacetone di-T.S. 1 1/18 5/18 -4 


* Source of compounds: 


EKC—Dist. Products Industries; WRL—Dr.-G. H. Hitchings, 


Wellcome Research Lab.; IU—Dr. E. Campaigne, Indiana University. age 
+ Approx. equal numbers of mice (6 per group) received 10°, 10° and 10~* dilutions of 


virus intracer. 


¢t Composite of 2 or more experiments; avg No. of excess survivors per experiment listed. 


in concentrations of 0.001 mg/ml, reduced 
viral multiplication to a variable degree in 
tissue cultures containing mouse embryonic 
tissues. 

Minerals. Since butane-2,3-dioneoxime 
T.S. has been reported to be a chelating agent 
for manganese (4), tests were made to deter- 
mine whether this element would counteract 
the protective capacity of thiosemicarbazones 
against vaccinia virus. In these experiments, 
butane-2,3-dioneoxime T.S., butane-2 ,3-dione- 
2-methoxime-3-T.S. and isatin T.S. were used. 
Although, in some experiments, fewer mice 
survived in groups fed a combination of man- 
ganese chloride (.5-1.0%) and _ thiosemicar- 
bazone than in those treated with thiosemi- 
carbazone alone, the results were irregular 
and are not interpreted as a reversal of the 
protective capacity of the thiosemicarbazone. 
No reduction in the number of survivors was 
obtained by feeding thiosemicarbazones in 
combination with copper chloride (0.05%), 
cobalt nitrate (0.05%), zinc chloride (0.1%) 
or sodium molybdate (0.015%). Chelating 
agents, including dimethyl glyoxime, 8-hy- 
droxyquinoline, ethyl xanthate and the so- 
dium salt of tetraacetic acid, also were tested 


but were found not to influence the resistance 
of mice to vaccinia virus. 

Discussion. The data which have been 
presented do not explain the mode of action 
of thiosemicarbazones in vaccinia infection. 
Isatin T.S. protects mice against virus inocu- 
lated intracerebrally but fails to protect 
rabbits. In the mouse, the concentration of 
virus which develops in the brain following 


intracerebral inoculation is somewhat less in| 


treated than in untreated animals. Neverthe- 
less, it would appear that the concentration of 
virus in the brains of treated mice may reach 
a level which would not be tolerated by un- 
treated animals. Isatin T.S. must exert either 
a direct or indirect action on the virus, how- 
ever, Since maintenance of the virus in treated 
mice results in a gradual diminution in the 
amount of virus demonstrable in the brain. 
It has been demonstrated that a cyclic 
component is not essential for antiviral activ- 
ity of thiosemicarbazones. Although the 
molecular structure of aliphatic oxime de- 
rivatives possessing protective capacity would 
indicate that such compounds could function 
as chelating agents, evidence has not been 
obtained that these or other thiosemicarba- 
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zones act by interfering with mineral metab- 
olism nor that altered mineral metabolism in- 
fluences resistance of mice to vaccinia virus. 
The activity of the methoximes, in which 
metal chelation would be blocked, also points 
in this direction, although the possibility of 
in vivo demethylation cannot be ruled out. 
While it is possible to pick out a structural 
unit, =N—C—C=NNHCSNH2, which is 
common to most of the active derivatives, a 
few active thiosemicarbazones outside the 
scope of this unit have been found, e.g., ben- 
zaldehyde T.S., and a few compounds which 
possess this unit are inactive, e.g., cyclohex- 
anedione phenylhydrazone T.S. Modifica- 
tions of the sulfur as in the semicarbazones 
and S-methyl derivatives result in complete 
inactivation. 


The antibiotic, Netropsin, resembles the 
thiosemicarbazones in that it protects mice 
inoculated intracerebrally with vaccinia virus 
but fails to prevent the development of lesions 
at the site of virus inoculated into the skin 
of rabbits(5). 
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Summary. 1. Serial passage of vaccinia 
virus intracerebrally in mice treated with 
isatin thiosemicarbazone results in a gradual 
diminution in the amount of virus demonstra- 
ble in the brain. 2. Treatment’ with isatin 
thiosemicarbazone fails to protect rabbits in- 
oculated intracerebrally with vaccinia virus. 
3. Aliphatic oxime thiosemicarbazones may be 
as effective as benzene or heterocyclic deriva- 
tives as chemoprophylactic agents against 
vaccinia virus in mice. 
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From the Department of Biochemistry, University of Arkansas School of Medicine, Little Rock. 


The methylation of homocysteine by 
betaine in the presence of rat liver prepara- 
tions in vitro was first demonstrated by Bor- 
sook and Dubnoff(1). The activity of this 
enzyme system, called betaine transmethylase, 
has been shown to be reduced when animals 
are subjected to a deficiency of folic acid(2) 
or vit. Bj2(3). The present experiments were 
designed to investigate further the effects of 


* Research paper No. 990, Journal Series, Universi- 
ty of Arkansas. This work was supported by 
grants-in-aid from the American Cancer Society 
upon recommendation of the Committee on Growth 
of the National Research Council, and from the 
National Institutes of Health, Public Health Service. 

t Alpha protein is an isolated soy bean protein 
obtained from the Glidden Company, Chicago, IIl. 


diet on the enzyme system. 

Methods. Weanling Sprague-Dawley rats 
were used. The basal diet contained alpha 
protein,t 18 g; cod liver oil, 3 g; Crisco 
(hydrogenated vegetable fat), 10 g; salt mix 
(4), 2 g; sucrose, 66.4 g; inositol, 0.1 g; 
choline chloride, 0.1 g; DL-methionine, 0.43 
g; a-tocopherol acetate, 25 mg; thiamine 
hydrochloride, 0.5 mg; riboflavin, 0.5 mg; 
folic acid, 0.5 mg; pyridoxine, 0.5 mg; nico- 
tinic acid, 2 mg; calcium pantothenate, 1 mg; 
2-methyl-1,4-naphthoquinone, 25 y; biotin, 
5 y; vitamin Byo, 5 y. The alpha protein was 
washed exhaustively with hot water, 95% 
ethyl alcohol, then dried and ground before 
incorporation into the diets. This basal diet 
was fed without supplement to some animals. 
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TABLE I. Methionine Formation by Livers of Rats Fed Various Diets. 
Avg daily Avg methionine 

Diet Series No. rats wt gain, g formed, y 
Or 1 8 — 715 + 113t 
B ye 6 — Sao 
C 2 6 4.1 + .4t 662 + 117 
B He 6 1.4 + .1 36+ 40 
B + 10% casein it 6 22+ .1 646 + 232 
B + complete amino acid mix n 4 2.24 2 553 + 153 
B + liver extract} v 4 2.1+ .4 65+ 39 
B+1% yeast extracts ag 4 2.7 + .3 68+ 45 
B + valine, leucine, isoleucine 3 2 — 0 
B + cystine, threonine, phenylalanine, i 2 — 332 + 172 

tryptophan 
B + lysine, histidine, arginine, methionine © 2 — 338+ 33 
B 4 4 1.9 <3 284 28 
B + complete amino acid mix vy 4 2.3.3 1056 + 146 
B + cystine, threonine, phenylalanine, 5 Bye ee ol 406+ 94 
tryptophan 

B + cystine fi 6 1.9 + .3 120+ 89 
B + threonine i 4 3.9 + .2 188+ 37 
B + phenylalanine , 4 1.8 += .2 48+ 31 
B + tryptophan ae 4 Uae: gil 620 + 278 


*C— Chow; B= Basal. 
t Stand. error. 


¢ 1:20 extract of liver, Nutritional Biochemicals, Cleveland, Ohio. 
§ Yeast extract powder, Nutritional Biochemicals. 


Other groups received the basal diet with a 
supplement of the essential amino acids and 
cystine. This amino acid supplement, re- 
ferred to as complete amino acid mix in 
Table I, consisted of the following expressed 
as g per 100 g of diet: DL-valine, 1.74; DL- 
leucine, 2.09; DL-isoleucine, 1.39; L-cystine, 
0.26; DL-threonine, 1.22; DL-phenylalanine, 
1.04; L-tryptophan, 0.35; L-lysine mono- 
hydrochloride, 1.30; DL-histidine, 0.83; L- 
arginine monohydrochloride, 0.43; DL-meth- 
ionine, 0.52. Other groups of animals were 
given the basal diet with various combinations 
of the above amino acids and with single 
amino acid supplements. In all these diets 
the amino acids were added to the diet at the 
same level at which they were added in the 
complete amino acid mix. Control animals 
were given a diet of a commercial laboratory 
chow. 

The diets were fed for 2 weeks, then the 
animals were killed and the liver homogenates 
assayed for betaine transmethylase activity by 
the method previously described(2). Final 
substrate concentrations were: DL-homocys- 
teine monohydrochloride, 64 mg %; and 
betaine, 128 mg %. The results are reported 


as pg of methionine formed per g of liver 
during the 3-hour incubation period. 


The results presented in Table I show that 
livers from rats fed the basal diet exhibited 
no demonstrable betaine transmethylase ac- 
tivity. Supplementation of this diet with 
10% casein or with the complete amino acid 
mix resulted in betaine transmethylase activi- 
ties comparable to chow-fed rats. In contrast, 
yeast extract or liver extract was ineffective 
in restoring the enzyme activity. These re- 
sults then indicated that the absence of be- 
taine transmethylase in livers of the rats re- 
ceiving the basal diet was due to an inade- 
quate supply of amino acids. The remaining 
experiments were designed to determine which 
amino acids of the complete amino acid mix 
were active in producing the enzyme. The 
amino acids in the complete mix were arbi- 
trarily divided into 3 groups and fed to rats. 
Only the combination containing cystine, 
threonine, phenylalanine, and tryptophan was 
effective. Livers from rats receiving these 
amino acids exhibited considerable betaine 
transmethylase activity but not as high an 
enzyme titer as was observed in livers from 
animals receiving the complete amino acid 
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mix. 

This observation was repeated in series 4 
and in addition each of the 4 amino acids was 
added separately to the basal diet. Of the 
single amino acid supplements tested only 
tryptophan produced an appreciable betaine 
transmethylase activity. 

The growth data given in Table I are of 
considerable interest. The basal diet permit- 
ted approximately half-normal growth. Sup- 
plementation of the basal diet with 10% 
casein, complete amino acid mix, yeast, or 
liver extract improved the growth rate. Sup- 
plementation of the basal diet with threonine 
resulted in growth equal to that obtained with 
rats fed chow. With respect to growth, 
methionine is the first limiting amino acid in 
alpha protein(5) and the present experiments 
indicate that threonine is the second limiting 
amino acid. 

It is apparent from the data in Table I 
that there is no correlation between the effects 
of the various supplements on growth and on 
betaine transmethylase activity. Thus tryp- 
tophan supplementation resulted in consider- 
able enzyme activity but actually depressed 
growth. Yeast extract improved growth con- 
siderably but was ineffective in stimulating 
the synthesis of the betaine transmethylase 
enzyme. 


These observations suggest that the amino 
acid pattern required for the synthesis of this 
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particular liver enzyme must be considerably 
different from the pattern required for growth 
of the animal. Also, the observation that 
some of the diets permitted good growth but 
allowed negligible synthesis of betaine trans- 
methylase suggests that when rats are fed 
methionine the enzyme is not vital to the ani- 
mal’s economy. Although the observation 
periods in the present experiments were of 
short duration, in other experiments rats have 
been fed the basal diet for 5 months and con- 
tinued to grow at a rate of approximately 
2 g per day throughout this period. 

Summary. 1. Rat liver betaine transmeth- 
ylase varies strikingly with the amino acid 
composition of the diet. 2. The pattern of 
amino acids required for synthesis of this en- 
zyme is considerably different from the pat- 
tern required for growth of the animal. 3. 
When rats are given methionine, betaine 
transmethylase does not appear to be neces- 
sary for growth. 
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Effect of Antigonadotrophic Serum on Testes of A-Strain Mice Treated 


with Estrogen.* 


CuHARLEs A. ELy. 


(20692) 


(Introduced by W. U. Gardner.) 


From Department of Anatomy, College of Physicians and Surgeons, Columbia University, 
New York City. 


The development of interstitial cell tumors 
in A-strain mice after prolonged estrogen treat- 
ment has been demonstrated repeatedly (1-4). 
Gardner(5) has suggested that these tumors 
arise as the result of enhanced secretion of 


* Aided by grants from the Anna Fuller Fund, 
the Damon Runyan Memorial Fund for Cancer 
Research, Inc., and the Society of Sigma Xi. 


interstitial cell stimulating hormone (ICSH) 
by the pituitary gland under the influence of 
low doses of estrogen rather than from a direct 
effect of estrogen upon the testis. The present 
report presents the results of an attempt to 
test this hypothesis by nullifying the presumed 
excessive ICSH secretion with antigonado- 
trophic serum. 

Materials and method. For the production 
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of the antiserum, a crude sheep pituitary ex- 
tractt prepared according to the method of 
McShan and Meyer(6) was used. Adult rab- 
bits were injected with amounts of the ex- 
tract equivalent to 250 or 500 mg of acetone 
dried powder. This quantity is sufficient to 
increase the ovarian weights of immature fe- 
male rats from the normal of 10-15 mg to 60- 
80 mg when assayed according to the method 
described by McShan and Meyer(6) and used 
by Deutsch et al.(8). Injections were given 
subcutaneously daily 5 times per week for 8 
weeks, after which a series of 5 injections was 
carried out every third week only. At the end 
of the eighth week and at irregular intervals 
thereafter, the rabbits were bled from the cen- 
tral artery of the ear or by heart puncture. 
After cooling, the serum was recovered by 
centrifugation and stored in the frozen state 
until used. All serum assays for antigonado- 
trophic activity followed a method essentially 
similar to that described by Deutsch et al.(8). 
Only sera with demonstrable antigonadotrophic 
activity were used.+ Male A-strain mice 30-40 
days of age were employed. These were pen- 
bred animals, the original stock of which was 
obtained from Dr. W. U. Gardner of Yale 
University. Injections of 16.5 pg of estradiol 
benzoate’ in .05 ml of sesame oil were given 
subcutaneously weekly for 22 weeks. It was 
anticipated that within this interval the inter- 
stitial cell changes characteristic of estrogen 
treated animals would have become apparent. 
At the end of this period, animals were di- 
vided into 4 experimental categories which con- 
tinued to receive estrogen as described above. 


+ The author is indebted to Dr. W. H. McShan 
of the Department of Zoology, University of Wis- 
consin, for donating a portion of the pituitary 
extract and for generous assistance with the prepara- 
tion of the remainder. The extract contains negli- 
gible amounts of lactogenic activity, but measurable 
thyrotrophic activity. On the basis of assays of 
short duration there appears to be little adreno- 
trophic or growth hormone activity(7). 

} Sera prepared from extracts similar to those 
employed in this study inhibited endogenous gona- 
dotrophins in rats under varied experimental condi- 
tions (9-11). 

§ The estradiol benzoate was supplied through the 
courtesy of Dr. C. H. Sullivan of Ciba Pharmarceu- 
tical Products, Inc. 


AND ESTROGEN ON TESTES 


In addition to the estrogen, 5 daily subcutane- 
ous injections per week of antigonadotrophic 
serum, normal rabbit serum, or pituitary ex- 
tract were administered. Normal rabbit serum 
was chosen as the material which would most 
nearly fulfill the requirements of a control sub- 
stance for the antigonadotrophic serum; in- 
clusion of the series receiving pituitary ex- 
tract was intended to provide a means of com- 
paring the effect of an actively developed re- 
sistance with that of the passive resistance con- 
ferred by the rabbit antigonadotrophic serum. 


The 4 groups of animals were treated as fol- 
lows: Group 1 received .2 ml of antigonado- 
trophic serum, Group 2, .2 ml of normal rabbit 
serum, Group 3, an amount of pituitary ex- 
tract equivalent to 25 mg of acetone dried 
pituitary powder in .25 ml of saline, and Group 
4 received no treatment additional to the estro- 
gen. A fifth group was made up of animals 
sacrificed at the outset of the experiment after 
15 to 22 injections of estradiol, thus providing 
a means of evaluating the degree of interstitial 
cell hypertrophy and hyperplasia at the time 
injection of additional materials was initiated. 
Injections were continued until the animals 
became moribund, at which time autopsies 
were performed. The period of treatment ex- 
tended from 3 injections of estradiol beyond 
the initial 22 injections in conjunction with 
15 injections of either normal serum, anti- 
serum, or pituitary extract to 10 injections of 
estradiol with approximately 50 injections of 
either of the added materials. Most animals, 
however, survived from 5-7 injections of 
estradiol in addition to 25-35 injections of the 
sera or extract (Table I). At autopsy, testes, 
seminal vesicles, and spleen were weighed and 
fixed in Bouin’s solution, and in representative 
cases the adrenal, thyroid, and pituitary glands 
were similarly preserved. The testes were 
serially sectioned and lengths chosen at regular 
intervals along the ribbon for mounting. Either 
the hematoxylin and eosin or the periodic acid- 
Schiff method was used for staining. Approxi- 
mate estimates of the degree of hypertrophy 
and hyperplasia were made by tracing selected 
sections at magnification of 60 X. The modi- 
fied areas were measured with a planimeter and 
the total volume of the hypertrophied and 
hyperplastic cells was calculated for each 


TABLE I. Effect of Antigonadotrophic Serum on the Development of Interstitial Cell Hypertrophy and Hyperplasia. 
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Interstitial cell volumes ——————,, 


Mean 


% 
<.1 mm? 


No. testes 


Testis wt 


No. 


animalst 


Spleen wt 


Body wt 


(mm‘*) 


Mean (mm*) 


(mg) 
321.6 + 16.3 


(g) 
24.6 + .71t 


Treatment* (No. inj.) 


Group 


>.1 mm?’ 


sectioned 


(mg) 
31.3 + 1,78 


76 


53 


45 


Estrogen 3-10, antiserum 15-48 


1 
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t+ Some animals included which had been dead several hr before autopsy. 


* Treatment begun after 22 inj. of estradiol. 


it 2-5, p< 02. 


§ Majority of cases showed either no evidence of stimulation or too small to measure. 


** Autopsied after 15 to 23 inj. of estradiol. 


testis. Since the testes of an individual do not 
necessarily respond to the same extent, each 
testis was treated separately in measuring the 
degree of interstitial response. The total 
number of testes measured and’ the per cent 
of the total number showing volumes greater 
and less than .1 mm? are given in Table I. 


Results. The testes of the animals receiving 
estrogen and antiserum were greatly reduced 
in weight. Typical examples had small closely 
packed tubules. The internal organization of 
the tubules was destroyed. There were no 
mature sperm. Often the tubular content was 
limited to Sertoli cells, but a few scattered 
spermatogonia and spermatocytes were present 
as a rule. The extensive areas of hyper- 
trophied and hyperplastic tissue typical of 
estrogen treated animals were totally lacking 
or represented by clusters of atrophied inter- 
stitial cells (Fig. 2, 5). Only 24% of the 
testes in this group had interstitial cell volumes 
greater than .1 mm?, whereas in the remaining 
3 groups of treated animals 50 to 86% of the 
cases fell within this volume range. 

The injection of normal serum or pituitary 
extract caused a reduction in testicular weight 
below that of animals which were given estro- 
gen alone, but the effect was not as marked as 
in the case of antiserum treatment. Tubular 
atrophy in these groups was not as advanced 
as in the antiserum treated group, but more 
so than in the group receiving estrogen only. 
Tubules with mature sperm and intermediate 
stages of the spermatogenic series were fre- 
quently encountered. As indicated above, 
areas of interstitial hyperplasia and hyper- 
trophy were numerous and extensive. 

Sections from a normal serum treated speci- 
men are shown in Fig. 1 and 4. A large area 
of hypertophied and hyperplastic interstitial 
cells is present. Tubular damage, as is usual 
in the vicinity of areas of extensive hyper- 
trophy and hyperplasia, is well advanced. An 
example taken from Group 4, which received 
continued injections of estrogen only, is shown 
in Fig. 3 and 6. Many essentially normal 
tubules are seen in this testis. A small area 
of modified interstitial cells may be seen at 
the right. 

The cytological changes characteristic of 
certain strains of mice when treated with 
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“FIG. 1. Testis after 5 on injections of estradiol benzoate and 25 daily injections of 


normal rabbit serum in addition to 22 preliminary injections of estradiol benzoate. 


vol. of pretumorous area was 4.32 mm’. 


x 14. Total 


FIG. 2. Testis after 8 weekly injections of estradiol benzoate and 37 injections of anti- 


serum in addition to 22 preliminary injections of estradiol benzoate. 


«x 14. There were no 


pretumorous areas of interstitial cells in this testis. 
FIG. 3. Testis after 5 weekly injections of estradiol benzoate in addition to the 22 prelimin- 


ary injections of the same material. 


FIG. 4. Same as Fig. 1. xX 67. 
FESTGr Os ae We case LO Orem ces 
PLGs 65 Rg yogis 


estrogen have been described frequently(1-4). 
No striking departure from these observations 
was noted when modified interstitial cell areas 
in the testes from all experimental groups were 
studied. 

The small series of adrenal, thyroid, and 
pituitary glands examined without recourse to 
quantitative procedures failed to show any 

marked differences between the group treated 
with normal serum and that treated with anti- 


x 14. Total vol. of pretumorous area 0.22 mmi?. 


serum. 

The body and spleen weights of groups re- 
ceiving comparable treatment were not found 
to be significantly different. 

Discussion. Until the comparatively recent 
work of Biskind and Biskind(12), Moon e¢ al. 
(13,14) and of Griffin, Rinfert, and Corsigilia 
(15), there has been little experimental evi- 
dence to show that the secretions of the pituit- 
ary gland play an important role in tumor 
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induction and growth. However, data accu- 
mulating from work in these laboratories has 
demonstrated that the role of the pituitary 


gland in tumorigenesis may be an important — 


one. It is believed that the data presented 
here may be interpreted as further evidence of 
the participation of the pituitary gland in the 
development of neoplasms, inasmuch as it 
appears to support the hypothesis that the 
pituitary gonadotrophin, ICSH, is responsible 
for the induction of interstitial cell tumors. 
The alternative possibility that the apparent 
suppression of early interstitial cell changes 
by antigonadotrophic serum is an aspecific 
effect is not to be overlooked. The lack of sig- 
nificant differences in spleen and body weights 
between the two groups of animals treated 
with normal rabbit serum and antiserum has 
been taken to indicate similarity of response 
to the rigors of the experimental procedure. 
However, further investigation into this aspect 
of the problem is needed and is to be carried 
out in connection with a study of the efficacy 
of antigonadotrophic serum when applied to 
fully developed interstitial cell tumors. 
Summary. 1. Male A-strain mice treated 
simultaneously with estrogen and normal rab- 
bit serum developed extensive interstitial cell 
hypertrophy and hyperplasia. Animals receiv- 
ing an antigonadotrophic serum prepared by 
injecting a crude sheep pituitary extract into 
rabbits failed to show the same intensive inter- 
stitial cell changes. 2. These results have been 
interpreted as indicating that the effect of the 
excessive ICSH, presumed to be elicited from 
the pituitary gland under the influence of 
estrogen, has been nullified by the antigonado- 
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trophic serum. The consequent suppression of 
the interstitial cell hypertrophy and hyper- 
plasia, which normally occurs in this strain 
of mice when treated with estrogen, provides 
further evidence that the pituitary gland par- 
ticipates in growth and development of inter- 
stitial cell tumors. The possibility that the 
antiserum exerts an aspecific toxic effect is con- 
sidered. 
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Estimation of Estrogenic Activity of Genistein Obtained from Soybean Meal. 
(20693) 


MELvin W. Carter, W. W. G. Smart, Jr., AND GENNARD MATRONE. 
(Introduced by W. L. Boyd.) 
From the Animal Nutrition Section, Department of Animal Industry N. Carolina Agricultural 
Experiment Station, Raleigh.* 


The association of infertility of sheep in 
Australia with the estrogenic properties of 
subterranean clover(1,2,6,8) has stimulated 
interest in compounds of plant origin showing 
estrogenic activity. Bradbury and White(4) 
identified the isoflavone genistein, 4’, 5, 7 tri- 
hydroxyisoflavone, as the major constituent 
of subterranean clover responsible for its es- 
trogenic activity. Their data also indicated 
that the chemical properties of the genistein 
isolated from the chloroplast fraction of sub- 
terranean clover were similar to those of the 
genistein isolated by Walz(10) and Walter (9) 
from soybeans. Walter(9) reported that dry 
hexane extracted soybean flakes contained 
0.10% of the glucoside of genistein (genistin), 
an amount 50 times greater than was reported 
(4) to be present in fresh subterranean clover. 


These quantitative considerations gave rise 
to the idea that soybean meal could be used 
aS a source of genistein for biochemical in- 
vestigations providing the genistein isolated 
was biologically active. Preliminary tests in 
the present investigation indicated that gen- 
istein isolated from soybean meal possessed 
estrogenic activity. The work reported herein 
deals primarily with a quantitative bioassay 
of the estrogenic activity of genistein isolated 
from soybean meal. 


Experimental. Genistin was extracted from 
soybean meal,t and hydrolysed to its aglu- 
cone, genistein, according to the method of 
Walter(9). The test doses of the crystallized 
aglucone were dissolved in a minimum volume 


* Contribution from the Animal Industry Depart- 
ment, N. Carolina Agricultural Experiment Station, 
Raleigh, North Carolina. Published with the ap- 
proval of the Director of Research as Paper No. 
520 of the Journal Series. This investigation was 
conducted as part of a cooperative project with 
the Tennessee Valley Authority, Knoxville, Tenn. 
The authors wish to give acknowledgement to Dr. 
Paul E. Johnson for the advice and encourage- 
ment given by him to initiate this study. 

+ Solvent Extracted Soybean Meal. 


of ethanol and transferred to peanut oil? in a 
25-ml Erlenmeyer flask. The ethanol was 
removed under vacuum leaving the genistein 
dissolved in the peanut oil. (The genistein 
isolated had a melting point of 291-294°C and 
a specific absorption coefficient of 133 at 
2625 A). The bioassay of the estrogenic 
activity of genistein was conducted with im- 
mature female mice) (3 weeks of age) em- 
ploying uterine weight response as the criter- 
ion. Diethylstilbestrol!l| was used as the ref- 
erence standard preparation. The test ma- 
terial as well as the diethylstilbestrol stand- 
ard were injected subcutaneously twice daily 
for a period of 3 successive days. Twenty- 
four hours after the last injection the animals 
were sacrificed, the uteri removed, pressed 
lightly on a filter paper to eliminate uterine 
fluid and weighed. In preliminary tests the 
uterine-weight response curve of either the 
standard or the genistein preparation’ exhib- 
ited linearity over a wider range when plotted 
against the log of the dose rather than the 
arithmetical progression. Dose levels used in 
the subsequent assay were selected from the 
linear portion of the preliminary response 
curves. The assay was arranged as a 2-dose 
factorial(3) with 6 replications. The doses 
of genistein injected were 3 mg and 6 mg, 
and of diethylstilbestrol 0.015 ug and 0.030 
ug. Each dose was dissolved in 0.6 ml of 
peanut oil and injected in 6 0.1-ml portions 
(representing 0.2 ml of oil per mouse per 
day). Controls were injected with oil alone. 

Results. The results of the assay are pre- 
sented in Table I. The mean uterine weight 
of the negative controls was 8.2 mg as com- 
pared with 23.8 mg for the genistein injected 


+ Charlotte’s Peanut Oil, Charlotte Refining Co., 
Charlotte, N. C. 

§ Mice furnished by M. P. Bailey of the North 
Carolina State Laboratory of Hygiene. 

|| Diethylstilbestrol obtained from Jensen-Salsbery 
Laboratories, Inc., Kansas City, Mo. (Oil solution, 
each cc containing 2 mg) 


ESTROGENIC ACTIVITY OF GENISTEIN 


TABLE I. Estrogenie Activity of Substances 
Tested. 6 mice in each series. 


Mean uterine 


Treatments No. mice wt, mg 
Injected 
Neg. control 6 8.2 
Diethylstilbestrol 
015 wg 6 20.3 
030 wg 6 32.4 
Genistein 
3 mg 6 15.5 
6 mg 6 32.2 
Feeding 


On 
a 
Hw 


Soybean meal with 
genistin extracted 

Commercial soybean meal 6 
(solvent process ) 


23.0 


TABLE II. Analysis of Variance of Two-Dose 
Factorial Assay. 


df. S.S. M.S. 


Tctal 23 1876.53 
Replications 5 273.06 54.61* 
Treatments 3 1311.45 437.15t 
Difference between 1 36.75 36.579" 
standard and 
genistein 
Combined slope of 1 1242.72 1242.72 
dose effect curve 
Divergence in slope iL 97 3197- 
Error 15 565.08 37.67 


* Not significant (P>.05). 
+ Highly significant (P<.01). 


mice. The slope of the response curve of 
diethylstilbestrol was not different from that 
of genistein over the range tested indicating 
that the biological action of the 2 prepara- 
tions was similar over the range tested 
(Table II). The estrogenic potency of gen- 
istein computed from the data in Table I was 
4.44 x 10° times the potency of diethylstil- 
bestrol. Confidence limits (95%) placed on 
this estimate of potency gave a lower limit 
of 3.48 x 10° and an upper limit of 5.56 x 
10°. 

Discussion. The mean estimated potency 
of genistein obtained in this experiment seems 
to be different from that of genistein isolated 
from subterranean clover(4) (10° times as 
potent as estrone). This apparent difference 
probably is due to the fact that the estrogenic 
activity of estrone and diethylstilbestrol is 
different. Diethylstilbestrol has been re- 
ported(7) to be 16 times more effective than 
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estrone when injected subcutaneously. 

Cheng ef al.(5) estimated the potency of 
genistein obtained from soybeans as 2 x 10° 
times that of diethylstilbestrol. This esti- 
mate of potency is approximately 4.5 times 
the potency obtained in this experiment. The 
difference apparently is not due to a diffqer- 
ence in uterine response to genistein but to 
the fact that Cheng(5) obtained a lower 
uterine response per unit of diethylstilbestrol 
than in the assay reported here. 

In preliminary studies using the feeding 
method of bioassay, soybean meal from which 
genistein had been extracted was estrogenic- 
ally inactive, whereas unextracted soybean 
meal was active (Table I). These observa- 
tions indicate that the method of extraction 
was effective and point up the possibility of 
studying the biological effects of genistein 
with the unextracted meal. 

On the basis of these current findings, 
nutritional studies are now in progress to 
determine the effects of estrogenic substances 
of plant origin on growth and reproduction. 

Summary. Genistein of soybean origin 
was found to be 4.44 x 10° times as potent 
in estrogenic activity as diethylstilbestrol 
when measured by uterine weight responses of 
injected immature female mice. Commercial 
solvent extracted soybean meal also was 
found to be estrogenically active when fed. 
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Reduction of Hyperkalemia by Circulating Blood through a Cation 


Exchange ‘Resin.* 


(20694) 


Bruce J. Kesster, JoHN B. Lester, Jesse I. ABRAHAMS, AND MartTIN SASS. 
(With the technical assistance of Ann L. Kemp.) 
(Introduced by William Dock.) 


From the Medical and Surgical Services, Veterans Administration Hospital, Brooklyn, N. Y. 


Among the procedures devised to correct po- 
tassium intoxication in anuria, the use of the 
artificial kidney has proven the most effective 
(1). The complex equipment and elaborate 
preparation required for hemodialysis, how- 
ever, limit its general availability. Removal 
of potassium from the gastro-intestinal tract 
of anuric individuals by the oral administra- 
tion of a suitable cation exchange resin has 
been reported to be effective in lowering extra- 
cellular potassium concentrations(2). This 
method is not entirely satisfactory because of 
delays in effect and the occurrence of adverse 
gastrointestinal reactions. The following re- 
port describes preliminary observations on the 
correction of hyperkalemia after bilateral 
nephrectomy in dogs by circulating the blood 
through a cation exchange resin. 


Method. The procedure was performed on 
6 mongrel dogs 72 to 96 hours after bilateral 
nephrectomy. Each dog was anesthetized with 
pentobarbital sodium (25 mg/kg). A femoral 
artery and vein were exposed, a No. 16 needle 
tied into the vein, and heparin (3 to 5 mg/kg) 
administered. A No. 18-T (B-D) needle was 
introduced into the artery. A length of plastic 
tubing, attached to the hub of the arterial 
needle, served to conduct blood, forced by 
arterial pressure, several feet above the level of 
the operating table to the top of the resin 
system. The latter consisted of a 125 ml 
separatory funnel attached to a glass column 
(3.5 x 30.0 cm) through an air tight rubber 
stopper. The flow of blood into the separatory 
funnel took place through a plastic adapter 
fitted into an air tight stopper, which served 
to seal the mouth of the funnel. Blood then 


* Sponsored by the Veterans Administration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions published 
by the authors are a result of their own study and 
do not necessarily reflect the opinion or policy of 
the Veterans Administration. 


flowed through the stem of the funnel into the 
glass column. The column contained approxi- 
mately 180 g of the cation exchange resin, 
Amberlite IR-120.t The filter unit of a Plexi- 
tron R-18 administration set (Baxter Labora- 
tories) was fitted into the bottom of the col- 
umn to prevent the escape of resin particles 
while blood flowed from the column through a 
length of plastic tubing to the No. 16 needle 
in the fermoral vein. Thus a continuous flow 
of blood from artery to vein through a closed 
circuit containing the resin was established. 
Amberlite IR-120 (commercial preparation) is 
obtainable from the source in the sodium form. 
For use in the resin column it was washed 10 
to 15 times with distilled water, 6 times with 
pyrogen-free saline and autoclaved. It was 
again washed several times with sterile saline 
and poured into the column. Care was taken 
to prevent the collection of air bubbles within 
the resin. One liter of saline was then allowed 
to flow through the column. At the end of this 
washing the level of saline was adjusted at 
approximately 1 cm above the resin and 2 cm 
below the stem of the separatory funnel, mak- 
ing it possible to view the flow of blood into 
the column. A heating tape was wound 
spirally around the column, which was then 
brought to body temperature. During the ex- 
periment the temperature of the column was 
adjusted to compensate for heat loss from the 
plastic tubing and thus maintain constant body 
temperature. The column temperature neces- 
sary to prevent loss of body heat depended 
largely on room temperature and in these ex- 
periments varied from 37 to 41°C. At ordin- 
ary room temperature, failure to heat the col- 
umn resulted in rapid loss of body temperature 
and the onset of shivering. 

Results. The estimated rate of flow through 
the resin unit ranged from 30 to 60 ml per 
minute. At these rates approximately 90% 
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TABLE I. Plasma Electrolyte Concentrations Immediately before and after Resin Therapy in 
6 Uremic Dogs. 
e6a“=0epwwX09aSwa099wpapwywaqouq“soO———————— eee 


K conc., mEq/1 Na conc., mEq/1 Ca cone., mEq/1 
Wt, kg Before After Before After Before After 

15 9.5 6.0 139.8 154.8 
14 11.3 7.6 146.0 156.0 4.5 3.0 
25 10.8 8.0 139.2 145.8 8.0 (le) 
22 8.3 5.0 148.2 159.2 7.4 3.5 
20 9.1 4.7 153.8 163.8 6.4 3.9 
uy 9.3 7.0 13722 141.5 4.9 3.5 

8 8.0 6.1 141.0 149.4 6.0 3.8 

16 10.1 4.8 146.2 162.8 6.3 4.9 


of the potassium and calcium in the plasma 
was exchanged for an equivalent amount of 
sodium in one passage. Changes in plasma 
electrolyte concentrations which occurred as a 
result of 4 to 6 hours of blood circulation 
through the resin may be seen in Table I. In 
every instance there was an appreciable de- 
crease in the plasma potassium concentration 
and an increase in the plasma sodium level. 
Decreases in plasma calcium concentration 
ranged from 0.5 to 3.9 mEq/l], but did not 
parallel decreases in the potassium levels (1.9 
to 5.3 mEq/1) because of the administration of 
varying quantities (O to 11.0 mEq/hr) of 
calcium ion during the procedure. Increases 
in plasma sodium concentration varied from 
4.3 to 16.6 mEq/l, depending on total body 
potassium removed as well as the amount of 
calcium administered. In several instances 
plasma magnesium concentrations were also 
measured and found to decrease from 2.0 to 
3.1 mEq/1. 

In 4 cases platelet counts were done and 
there was an observed drop in the number of 
platelets in each case. Platelet counts never 
dropped below 70000 per cu mm and in none of 
the dogs was there any bleeding tendency after 
the procedure. Hematocrits and blood urea 
nitrogen determinations did not change as a 
result of treatment. 

No untoward reactions were noted when the 
resin was prepared as described above. Gross 
inspection of the plasma following treatment 
showed no apparent hemolysis. 

Discussion. The results show that elevated 
plasma potassium concentrations in uremic 
dogs may be significantly reduced by circulat- 
ing their blood through a cation exchange 
resin. The major problem encountered with 
this method was the exchange of calcium and 


magnesium for sodium which occurred at the 
same time that potassium was being with- 
drawn. It was found that a single intramuscu- 
lar injection of 25 mg per kg of magnesium 
sulfate was sufficient to prevent reductions in 
plasma magnesium levels. The control of cal- 
cium levels in the extracellular fluid is a more 
difficult problem. Calcium solution must be 
infused at a rate fast enough to prevent tetany. 
If it is infused too rapidly, however, an exces- 
sive amount is removed by the resin and an 
equally increased amount of sodium is added 
to the extracellular fluid. In these experi- 
ments 0 to 11.0 mEq were infused per hour, 
but this never was adequate to maintain the 
initial level. When the initial plasma sodium 
concentration is unduly low this may provide 
a safe method for raising it. When increase in 
the sodium concentration is not desirable, cal- 
cium replacement must be kept at a minimum. 

In vitro experiments were carried out with 
resin which was washed with potassium-free 
mammalian Ringer’s solution until it no longer 
removed calcium. The exchange capacity for 
potassium of 180 g of treated resin was then 
estimated by further washing with Ringer’s 
solution to which potassium was added. Re- 
peated determinations of the potassium showed 
that its removal from the first 2 liters of solu- 
tion was virtually complete. The percentage 
of potassium removed from solution then pro- 
gressively diminished, the total exchange ca- 
pacity of 180 g of treated resin being only 
20 mEq. If blood were circulated through 
treated resin, therefore, the capacity of the 
column to remove potassium would be ex- 
hausted so rapidly that frequent changing of 
columns would be necessary and the procedure 
would become impractical. 

Summary. A method for removing potas- 
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sium from uremic dogs by continuous circula- 
tion of blood through a cation exchange resin 
has been described. This method has been 
shown to reduce the extracellular potassium 
concentration by as much as 50% within 4 to 
6 hours. However, it is necessary to replace 
calcium to prevent tetany when this method 
is used. 
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The known local effects of adrenocortical 
steroids include histological alteration of the 
skin(1), suppression of hair growth(2,3) and 
of wound healing(4), and alleviation of in- 
flammation resulting from a number of causes 
(5-7). Local effects on the reproductive 
organs have not been demonstrated. Three 
experiments will be described in this report 
which are concerned with (a) the local action 
of adrenocortical extract (ACE) on the 
vaginal mucosa, (b) the effect of intravaginal 
application of cortisone on stimulation of the 
vaginal mucosa elicited by subcutaneously 
injected estrone, and (c) the effect of direct 
application of cortisone on stimulation of the 
chick comb elicited by subcutaneously in- 
jected testosterone propionate (TP). 

Procedure. For study of the local action of 
ACE? on the vaginal mucosa, 0.1 ml of hog 
adrenal extract (equivalent to 100 pg of cor- 
tisone as determined by the liver glycogen 
test) or of the solvent, 25% ethanol, was in- 


* This investigation supported (in part) by re- 
search grants from The National Institutes of Health, 
the University of Michigan Memorial-Phoenix Pro- 
ject and The Upjohn Co. 

tWe wish to thank Drs. Eldon Nielson and 
W. J. Haines of The Upjohn Co. for ACE; Dr. 
George H. Berryman of Abbott Laboratories for 
the estrone; Dr. Elmer Alpert, Merck & Co. Inc., 
for cortisone; and Dr. Cornelius Sullivan, Ciba 
Pharmaceutical Products, Inc., for the testosterone 
propionate (Perandren). 


troduced daily into the vagina of adult Long- 
Evans rats which had been ovariectomized 
8-13. days previously (Table I). Daily 
vaginal smears were made and the vaginae 
prepared for histologic study at the end of 
the experiment. For the study of the an- 
tagonism of cortisone to estrone, 16 young 
adult Long-Evans rats, which had been ovari- 
ectomized 90 days previously, were primed 
with 14 yg of estrone, half being given sub- 
cutaneously on each of 2 successive days. 
Only rats which showed cornification within 
48 hours were used in the subsequent study. 
Vaginal smears were made 10 days after the 
last priming injection to ensure that the estro- 
genic effect had subsided. On the next day 
the rats were divided into 4 groups and 
treated as follows: (a) estrone subcutane- 
ously, cortisone intravaginally; (b) estrone 
subcutaneously, saline vehicle intravaginally; 
(c) peanut oil subcutaneously, cortisone in- 
travaginally; and (d) peanut oil subcutane- 
ously, saline vehicle intravaginally. One- 
tenth ml of estrone (3 ug) or of peanut oil 
was injected subcutaneously on the 12th and 
13th day after priming, 6 pg of estrone being 
just sufficient to produce full cornification in 
the primed rats as determined by previous 
experiments. Intravaginal injections of cor- 
tisone or saline vehicle were made with a 
short, blunted hypodermic needle to which a 
shield was attached. The cortisone was pre- 
pared by suspending 80 mg in a vehicle con- 
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TABLE I. Effect of Daily Intravaginal Application of Adrenocortical Extract and Ethanol. 
aea=xoTong$xs*$—0E20O0OOOOOOeeem eo 


Mean No. 


No. of % days before Total Mean organ wt (mg) ———, 
Treatment rats cornified cornified days, Rx Uterus Thymus Adrenal 
ACE 22 100 4 8 9A A te 260) 2119) Gee 
25% ethanol 20 0 == 8 (Ala fees ht 327 + 73 55 = 4.1 
* 5 rats. + Stand. dev. t 4 rats. 2 om; 


sisting of 2 drops of Tween 80 and 16 cc of 
0.9% NaCl solution. One-tenth ml of cor- 
tisone or of the saline vehicle was adminis- 
tered 3 times daily from the 11th through the 
14th day after priming. Vaginal smears were 
taken in the morning and evening of each day 
prior to the intravaginal treatment. All ani- 
mals were sacrificed on the 15th day and the 
vaginae prepared for histologic study. For 
study of the effect of direct application of cor- 
tisone on stimulation of the chick’s comb by 
TP, 2-3 day-old male Barred Rock chicks 
were treated as follows, the doses of TP and 
peanut oil being given subcutaneously once 
daily and those of cortisone and ethanol being 
applied directly to the comb thrice daily: 
(a) 10 chicks received 150 ng TP in sesame 
oil (.075 ml) and 40 pg cortisone (.02 ml) 
in 50% ethanol, (b) 10 received 150 pg TP 
and .02 ml 50% ethanol and (c) 9 received 
.075 ml sesame oil and .02 ml 50% ethanol. 
After 8 days the chicks were killed and the 
combs removed and weighed according to the 
method of Frank e¢ al.(8). 

Observations. (a) ACE and vaginal mu- 
cosa. After 8 days of treatment, the vaginal 
mucosa of all rats receiving ethanol intra- 
vaginally remained in the condition charac- 
teristic of ovariectomy as shown by diestrous 
vaginal smears and the histology of the va- 
ginal mucosa (Fig. 1). The mucosae of all 
rats receiving ACE were cornified after an 
average of 4 days of treatment (Table I) and 
the epithelium was hyperplastic (Fig. 2). 
Weight of the adrenal glands was unchanged 
by treatment with ACE, but that of the 
thymus was reduced and of the uterus, in- 
creased. 

(b) Subcutaneous estrone and intravaginal 
cortisone. The control group which received 
peanut oil subcutaneously and saline vehicle 
intravaginally showed no stimulation of the 
vaginal epithelium as determined by observa- 


tion of vaginal smears or of the histologic 
sections. When peanut oil was given sub- 
cutaneously and cortisone intravaginally, no 
change from the ovariectomized condition was 
observed in the smears or histology of the 
vaginal epithelium. However, the concentra- 
tion of cells in the lamina propria, especially 
of fibroblasts, was reduced and the connective 
tissue fibers were somewhat condensed (Fig. 
4) as compared with rats which received 
saline intravaginally (Fig. 3). Intravaginal 
administration of saline vehicle did not mod- 
ify the action of subcutaneously injected 
estrone, all rats showing full cornification 48 
hours after the last injection of estrone 
(Fig. 5). Many mononuclear cells had in- 
filtrated into the perivascular connective 
tissue of the lamina propria. Intravaginal 
application of cortisone failed to retard the 
cornification or hyperplasia of the vaginal 
epithelium induced by subcutaneously in- 
jected estrone but suppressed strikingly the 
perivascular infiltration of mononuclear cells 
into the lamina propria (Fig. 6). 

(c) Testosterone, cortisone, and chick’s 
comb. Table II demonstrates that the 
amount of TP injected caused a significant 
increase in weight of the comb and that treat- 
ment of the comb with cortisone suppressed 
this stimulation to a slight but statistically 
insignificant degree. 

Discussion. The demonstration of estro- 
genic activity in ACE supports previous work 
in which estrone was isolated from the adrenal 
gland(9), and subcutaneous injection of ACE 
stimulated uterine growth(10,11) and inhib- 
ited secretion of gonadotrophin by the an- 
terior hypophysis(12). Since most of the ad- 
renocortical activity of our extract was due 
to the presence of the most potent growth 
inhibitor of the known adrenocortical com- 
pounds (17-hydroxycorticosterone(13)), it is 
surprising that the capacity of estrogen to 
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All figures illustrate the vaginal mucosa. 


FIG. 1. One-tenth ml ethanol intravag. daily for 8 days. 


FIG. 2. ” ACE for 4 days. 


FIG. 3. Peanut oil subeut. and saline intravag. 


FIG. 4. e 3 : ” cortisone ” 
FIG. 5. HEstrone 2 ” saline 
FIG. 6. a th S cortisone ” 


stimulate hyperplasia of the vaginal epi- 
thelium was not over-ridden. The presence 
of significant estrogenic activity in ACE must 
be taken into account in comparing the action 
of these preparations with that of any pure 
adrenocortical compound. 

The failure of cortisone to stimulate the 
vaginal mucosa by local action supports the 
finding that no estrogenic activity is observed 
when this hormone is administered subcu- 
taneously(14). The failure of cortisone to 
inhibit stimulation of the vaginal epithelium 
by subcutaneously injected estrogen and of 
the adrenocortical compounds in ACE to 
over-ride estrogenic activity present in the 
extract is due undoubtedly to the extreme 
sensitivity of the vaginal epithelium to the 
growth-stimulating action of estrogen. On 
the contrary others(14,15) have shown that 


estrogenic stimulation of the uterus may be 
antagonized by cortisone when it is adminis- 
tered systemically. The inhibition by cor- 
tisone of cellular infiltration of mononuclear 
cells into connective tissue of the lamina pro- 
pria illustrates an action of the hormone which 
has been demonstrated under many circum- 
stances (6). 

The failure of local cortisone to inhibit 
growth of the chick’s comb is in agreement 
with the results of Schiller e¢ al.(16). Their 
experiment was repeated because they applied 
cortisone when dissolved in corn oil. Previous 
studies in this laboratory(17) showed that 
when adrenocortical compounds are dissolved 
in oils their growth-inhibiting capacity as de- 
termined by inhibition in rate of hair growth 
and of wound healing is relatively weak. 

Summary. Under conditions of these ex- 
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TABLE II. The Effect of Subcutaneous TP and Local Cortisone on Weight of Chick’s Comb. 
Comb wt (mg) 


Mean body — 
Group wt (g) Mean comb wt (mg) Body wt (g) 
TP + cortisone 71+ 8.1* 62.6 + 12.9 P<.3t okey ase al lay IDs 
TP + ethanol 78 8.5 73.6 + 25.6 94 + .30 
Ses. oil + ethanol 73 +11.4: 23.3 + 36.6 rou == 206 


* Stand. dey. 


periments adrenocortical steroids failed to 
suppress the growth-stimulating action of sex 
hormones on secondary reproductive organs 
as revealed by hyperplasia and cornification 
of the vaginal epithelium which resulted from 
direct application of ACE, by failure of lo- 
cally applied cortisone to suppress estrogenic 
stimulation of the vagina and of androgenic 
stimulation of the chick’s comb. 
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It has been observed that 3:5:3’ L triiodo- 
thyronine disappears more rapidly than L 
thyroxin from blood following intravenous ad- 
ministration(1). It is possible that this obser- 
vation may be explained by a difference in 
serum protein binding of these two amino acids 
inasmuch as thyroxin, but not triiodothyro- 
nine, has been shown to associate with a 
specific alpha globulin im vivo(2). 

The purpose of this paper is to report on 


* Supported in part by Wisconsin Alumni Research 
Foundation. 


the in vitro binding of L thyroxin and 3:5:3’ L 
triiodothyronine by serum proteins. 


Methods and materials. The radioactive 
amino acidst employed in these experiments 
were of sufficiently high specific activity to 
permit the use of quantities that were approxi- 


t The radiothyroxint used in these studies con- 
tained on chromatographic analysis nearly 100% 
of its radioactivity as thyroxin. The radio tri- 
iodothyronine} was found to contain approximately 
5% of its radioactivity as thyroxin. 

¢ Obtained from Abbott Laboratories. 
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TABLE I. Mixtures of Labelled and Unlabelled 
Amino Acids Added to Serum in Serum Protein 
Binding Experiments. 


_— ug of amino acid/ml serum t———, 
Radioactive 

Radioactive triiodo- Triiodo- 

Exp. thyroxin Thyroxin thyronine  thyronine 
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mately physiological. The labelled amino 
acids were dissolved in sodium hydroxide. 
Stock solutions were then prepared to contain 
1.0 pg/ml in 0.001 N NaOH. Solutions of 
unlabelled amino acids' containing 1.0 and 
10 pg/ml in 0.001 N NaOH were prepared. 
As a preliminary experiment 0.1 ml of the 
labelled amino acid solution was added to 1.0 
ml of saline and subjected to electrophoresis 
as described below. In the serum experiments 
quantities of the radioactive and unlabelled 
amino acid seen in Table I were added to 1 ml 
of serum. In each instance the unlabelled an- 
alogue was added 15 minutes after the labelled 
amino acid. This amino acid serum mixture 
was allowed to stand for 15 minutes, following 
which 0.05 ml was subjected to electrophoresis 
as previously described(3). Whatman No. 3 
MM paper was used for these studies. The 
electrophoresis was carried out at pH 8.6, using 
0.075 M veronal buffer and at pH 7.4, using 
0.075 M phosphate buffer. Upon completion 
of electrophoresis the paper strips were dried, 
sectioned into 1 cm segments and counted. 
Protein zones were localized by bromphenol 
blue staining. 

Results. In the electrophoresis of the amino 
acids in saline solution (Fig. 1), triiodothyro- 
nine showed no movement while thyroxin 
moved slightly toward the anodal end of the 
paper strip. The electrophoresis of the amino 
acid-serum mixtures at pH 7.4 and 8.6 dis- 
closed a definite and consistent localization of 
both amino acids to an alpha globulin (thy- 
roxin-binding protein) just ahead of the alpha- 
2 globulin zone (Fig. 2, I and IV). A small 


§ Thyroxin was kindly supplied by E. R. Squibb 
& Sons. Triiodothyronine was kindly supplied by 
Smith, Kline & French Laboratories. 


SERUM PROTEIN BINDING OF THYROXIN AND ‘TRIIODOTHYRONINE 


fraction of radioactivity remained at the start- 
ing point of electrophoresis and in the thyroxin 
experiment a small fraction moved with albu- 
min. There was much greater trailing of the 
triiodothyronine than of the thyroxin. It is 
believed that this trailing of triiodothyronine 
represents dissociation of the amino acid from 
the thyroxin-binding globulin as this protein 
moved along the paper. That it is not “non- 
specific” binding with the various proteins in 
this zone is indicated by the lack of correlation 
between the distribution of the radioactivity 
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FIG. 1. Radioactivity in 2 em segments of paper 
after electrophoresis in veronal buffer of saline 
solutions of radioactive triiodothyronine (top 
graph) and radioactive thyroxine (lower graph). 
(X) marks the starting point of electrophoresis, 
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Distribution of radioactivity in 1 em segments of paper after electrophoresis in veronal 


buffer of the amino acid-serum mixtures described in Table I. The protein fractions are marked 

schematically by the small boxes. Only the paper on the anodal side of the starting point is 

shown since there was never any radioactivity in the gamma globulin, which moves by electro- 
osmosis toward the cathode. 


and the concentration of the protein in this 
zone. 

Fig. 2 (II and V) represent the effect of the 
addition of equal quantities of the unlabelled 
analogue to serum containing the radioactive 
thyroxin or triiodothyronine. The presence of 
unlabelled thyroxin greatly increases the dis- 
sociation of triiodothyronine whereas the bind- 
ing of radioactive thyroxin is only slightly 
affected by the addition of triiodothyronine. 

Fig. 2 (III and VI) represent the effect of 
the addition of excess quantities of the un- 
labelled analogue to serum containing the 
radioactive thyroxin or radioactive triiodothy- 
ronine. The addition of unlabelled thyroxin 
in quantities 10 times as great as radioactive 
triiodothyronine prevents entirely the asso- 
ciation of radioactive triiodothyronine with the 
thyroxin-binding globulin while the presence 
of 10 times the quantity of unlabelled triodo- 
thyronine fails to displace radioactive thyroxin 
completely from this protein. 

There is a notable difference in the behavior 
of the displaced labelled amino acids. While 
displaced radioactive triiodothyronine does not 
associate with any specific protein, displaced 
radioactive thyroxin becomes associated with 
albumin. 


Discussion. The demonstration of the in 


vityo association of thyroxine with the thy- 
roxin-binding globulin is consistent with previ- 
ous observations that thyroxin is associated 
with this protein im vivo(2). It is not un- 
expected that triiodothyronine also associates 
with this protein im vitro in view of the simi- 
larity of their molecular structures. 

It appears that the thyroxin-binding protein 
has a greater affinity for thyroxin than for 
triiodothyronine, as thyroxin will displace tri- 
iodcthyronine from this linkage. It is possi- 
ble, in view of the known presence of thyroxin 
in serum in quantities greater than triiodothy- 
ronine, that thyroxin blocks the binding of 
triiodothyronine with this protein or replaces 
it once bound. This may account for a greater 
diffusibility of triiodothyronine and hence its 
more rapid disappearance from serum. 

Summary. 1. In vitro experiments on the 
serum protein binding of thyroxin and tri- 
iodothyronine were performed using paper 
electrophoresis to separate the protein frac- 


tions and I'! labelled triiodothyronine and 


thyroxin to trace the localization of these 
amino acids. 2. Although both thyroxin and 
triiodothyronine were shown to be bound by 
alpha globulin, thyroxin was more firmly 
bound and not easily displaced by triiodothy- 
ronine whereas triiodothyronine was less firmly 
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bound and readily displaced by thyroxin. 3. 
Displaced triiodothyronine was found to trail 
the thyroxin-binding globulin, whereas dis- 
placed thyroxin was seen to associate with the 
albumin fraction. 4. These observations are 
possibly related to the rapid disappearance of 
triiodothyronine after intravenous injection 
and to the relatively low levels of triiodothyro- 
nine in blood. 
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Erratum 


Vol. 84, No. 1, Article 20539, Transfusion of Separated Leucocytes into 


Irradiated Dogs. . 


bottom should read, ‘“‘agranulocytic tonsillar lesion .. . 


., by Brecher et al., page 56, left column, 12th line from 


” 


